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BALLISTOCARDIOGRAMS were first taken 
in the University Hospital in 1936 and, 
as soon as we were thoroughly satisfied 
with the method,* work on the normal 
standards was begun.‘ It was soon ap- 
parent that, with foresight in designing 
our attack on the problem, a double pur- 
pose could be accomplished. By selecting 
our normal subjects from the permanent 
population of the hospital and medical 
school, and from relatives and friends es- 
tablished in Philadelphia, we would not 
only be able to define the normal record, 
but also, by keeping contact with the 
group for a period of years, be in a position 
to compare records obtained on subjects 
who believed themselves to be in good 
health with their after-histories. By such 
a study we could ascertain whether the 
ballistocardiograph could detect cardiac 


abnormality before the clinical picture - 


developed, and learn to interpret what 
abnormalities we encountered. 

Ten years have now elapsed since the 
first record of this series was taken, 
8 years since the last. During this time 
the after-histories of a few cases have 
been mentioned® and a preliminary report 


made.é 


In this publication we present the after- 
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histories of 90 persons who were between 
40 and 85 years of age when tested in 
1937-1939. Comparison between the orig- 
inal records and the after-histories has 
disclosed a striking correlation. A large 
proportion of those whose ballistoca rdio- 
grams were unduly small, or abnormal in 
form, developed serious heart disease dur- 
ing the decade which followed. 


Method. Selection of Subjects. We chose 
as our subjects only those who believed 
themselves to be in good health and gave 
no history suggesting cardiovascular disease 
or any chronic ailment except as follows: 
Several persons with a history of occasional 
seasonal asthmatic attacks and 2 cases of 
pulmonary tuberculosis who had been ar- 
rested for years were not excluded. More 
debatable is the inclusion of 2 subjects who 
had once had transient attacks of auricular 
fibrillation. Both had been carefully stud- 
ied and no cardiac abnormality had been 
disclosed, and they considered themselves 
to be in excellent health. In addition, a few 
other instances of ill health preceding the 
tests are described in the case reports. 

When testing the older subjects we some- 
times discovered abnormal blood pressures 
of which they had been ignorant, and it 
was hard to decide what value should be 
accepted as normal in this older age group. 
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Those subjects with really high values were, 
of course, excluded from this series. We 
included 1 tense individual with a blood 
pressure of 170/100, thinking that the eleva- 
tion was largely emotional. Aged 72, he 
was unusually athletic and considered him- 
self in good health. All others included had 
pressures lower than this. 

Technique of the Test. The ballistocardio- 
grams were taken according to our standard 
technique,‘ 7. e., with the subject recumbent 
and after a 15 minute rest period in this 
position. The blood pressure was taken 
also. No records were made within 2 hours 
after a meal. 


weight of 280 gm. causing a deflection of 
1 cm. Pulse rate is to be counted per min- 
ute and body weight expressed in pounds. 

The value of K varies with the age of the 
subjects and it can be obtained from Table 1 
which also gives the standard deviations as 
a measure of the scatter of the data. We 
were disappointed to find that the scatter 
is larger than when our old formula, con- 
taining the factor for aortic cross-section 
was used.‘ 

When cardiac output, or simply the ampli- 
tude of ballistocardiograms, is referred to 
body weight it is far from certain how one 
should interpret results secured on persons 


TaBLe 1.—VALUES FoR K STANDARD Deviations DerIvep From A STaTISTICAL ANALYSIS OF 
BALLISTOCARDIOGRAMS ON 163 Persons WHo Dip Not Devetop CARDIOVASCULAR 
DISEASE IN THE FoLLowING 8 To 10 YEARS 


Using actual weight in pounds 


Using ideal weight in pounds . 


Calculation of Results. In reviewing the 
series the original records were remeasured 
and the data recalculated. In the interven- 
ing years doubt has arisen concerning the 
use of the aortic cross-section area as a fac- 


tor in the calculation of cardiac output.’ © 


Experiments to clarify the point have been 
delayed by war duties and have not yet been 
completed, so we tried various methods of 
calculation. Results obtained by the old 
“area formula’’-4 were analyzed in a prelimi- 
nary report®. In this paper we have used the 
“area formula” with the aortic factor omit- 
ted, altering the constants to give a figure 
which was a percentage deviation from the 
average of normal persons and not an abso- 
lute value. This formula was as follows: 


Percentage deviation from normal = 


Ky/ + [Jdt)/C x body weight 100 


To use this formula the areas of the I and 
J waves were measured as described in 
previous papers,** our ballistocardiograph 
being calibrated in the usual manner, a 


Scatter of data 


Age Sigma 

(yrs.) No. of cases K in % of mean 
20-29 54 232 16.7 
30-39 45 264 15.6 
40-49 41 282 23.7 
50-59 23 344 i7.1 
60-69 9 344 21.5 
20-29 54 229 14.5 
30-39 45 253 14.3 
40-49 41 289 18.5 
50-59 23 333 14.6 
60-69 9 363 19.0 


too fat or too thin. For this reason the 
results were calculated both in tems of 
actual, and of ideal weight, the latter value 
derived from age and height according to 
actuarial data.” 

The new formula can thus be used as a 
measure of the normality of any case, but 
a serious question should be raised first. 
Should the standard of normality for any 
person be derived from data obtained in his 
age group, or should the results be compared 
with those obtained in healthy young 
adults? Those favoring the first plan should 
use a different K for each decade of life; 
those believing in the second should use 
only one value for K, that obtained in the 
20-29 age group. Inspection of the data 
inclines me to favor the second plan. By 
it many healthy persons over 50 years of 
age will be judged abnormal but the after- 
histories indicate that it is in this group 
that heart disease may be expected to occur 
with unusual frequency. And the fact that 
an older person has a circulation equal to 
that of healthy youngsters seems more 
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worth knowing than his relation to his own 
age group. But this conclusion might well 
be debated and only prolonged experience 
will permit a final decision on the point. 

Needless to say, this formula is designed 
to estimate cardiac output relative to the 
normal, but our ability to detect cardiac 
abnormality does not depend on our ability 
to calculate cardiac output correctly, and the 
conclusions of this paper could be presented 
entirely without reference to cardiac output. 

Obtaining After-histories. Continued con- 
tact with the great majority of the persons 
tested in 1937-1939 was an easy matter. 
When sick they came to the University Hos- 
pital in most instances. Six died in this 
hospital and necropsies were obtained on 3. 
Three died in other hospitals and detailed 
data could be obtained, but there were no 
necropsies. Two died suddenly and unex- 
pectedly while going about their business. 

When sick, the subjects usually consulted 
some member of the staff of the University 
Hospital. I am indebted to Dr. C. C. Wol- 
ferth, Dr. F. C. Wood, Dr. T. G. Miller and 
Dr. R. L. Mayock for placing records at 
my disposal. 

Contact with those in good health was 
also easy as most were still working in the 
medical school or hospital. A few who had 
moved away were reached by letter. 


Results. Typical ballistocardiograms 
secured in 1937, 1938 and 1939 are shown 
in Figure 1. The results of the calculation 
are given in Figure 2, where the after- 
histories are indicated by different sym- 
bols. In Figure 2 the results obtained on 
any subject can be related both to those 
obtained on subjects in the same age 
group and, by means of the scale to the 
left, to those secured on healthy persons 
between 20 and 30 years of age. 

When ideal rather than actual weight 
is used there is less scattering of the data 
given in Figure 2, and for that reason this 
method of calculation seems preferable. 
In the case reports given below, ideal 
weight was used unless the reverse is 
stated. But, as a glance at Figure 2 will 
show, it makes no difference to the con- 
clusions whether actual or ideal weight is 
employed as a standard of reference for 
the size of ballistocardiograms. 


The results secured on the most inter- 
esting cases will now be presented in 
detail. 

Sussects WHo GAvE BALLISTOCARDIO- 
GRAMS ABNORMAL IN Form. Four of our 
subjects gave ballistocardiograms abnor- 
mal in form when tested between 1937 
and 1939. 


Subject X. L. always impressed me as a 
rather sluggish individual when I knew him 
in 1939. The record obtained then is shown 
in Figure 1. It is so confused that the iden- 
tification of systole would be difficult for an 
inexperienced person. The form varies from 
beat to beat. K is the only conspicuous 
wave and both I and J are grossly abnormal 
in most complexes. X. L. was 46 years of 
age when this test was made and he thought 
of himself as in good health at that time. 

X. L. worked steadily as a chemist for 
the next 8 years. Within a year before his 
death he had pas ed a life insurance exam- 
ination and took out insurance. In the 
summer of 1946 a medical friend noted he 
was more dyspneic on exertion than before. 
In the fall of 1946 he received news of the 
death of his mother, and started for her 
home by motor. After traveling about 
100 miles he complained of feeling badly 
and stopped the car before a drug store. 
His wife entered the store to obtain medicine 
for him, and when she returned he was lying 
dead over the wheel. 

Subject C. N. was 48 when his record 
was obtained in 1937, and I would have 
judged him to be in excellent health, as he 
himself believed. This record was normal 
in all ways except one. The H wave approxi- 
mately equalled the J wave in height in 
every complex, producing an abnormality 
of the “early M” type. At the beginning 
of my experience* I did not regard this as 
a serious abnormality, but I have seen it 
in increasing frequency in manifest coronary 
heart disease and have published some 
records of this type.® 

C. N. suffered from an attack of cardiac 
infarction in 1940. The symptoms and 
electrocardiographic changes were typical. 
The course was mild and recovery practi- 
cally complete. During the war he served 
with distinction in a job requiring chiefly 
desk work. At present he thinks it wise to 
avoid unusual exertion but he leads an 
active life and has no symptoms. 
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Subject M. T. had served as a technician 
in the hospital laboratory for over 20 years. 
He was 57 years old when tested in 1937, 
and considered himself in excellent health 
as did I. His ballistocardiogram was cer- 
tainly not normal. The larger complexes of 
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afte: this test and I regained contact only 
after some difficulty. When I finally found 
him in 1947 he reported that he had re- 
mained in excellent health and denied all 
symptoms which might suggest cardiac dis- 
ease. A second ballistocardiogram taken in 


Fic. 1.—Ballistocardiograms taken on supposedly healthy persons in 1937, 1938 and 1939. Top— 
Record of O: C., aged 56. A normal record. He has remained in good health. Second—Record of, 
M. R., aged 79. A normal record with an unusual amplitude for his age. He is alive and active at 
present, aged 87. Third—Record of F. G., aged 59. Normal in form, amplitude below average normal 
for that age but not below the lower limits of normal. This subject developed angina pectoris. Fourth— 
Record of K. V., aged 74. A record much reduced in amplitude. The subject developed angina 
pectoris. Fifth—Record of G. E., aged 74. A record of abnormally small amplitude. He developed 
angina and died of cardiac infarction. Sixth—Record of D. G., aged 63. A record of abnormally small 
amplitude. He developed cardiac infarction 6 years later. Seventh—Record of X. L., aged 46. A record 
very abnormal in form. He dropped dead 7 years later. Eighth—Record of S. V., aged 61. A normal 
record. He dropped dead in 1945, necropsy showed cerebral hemorrhage and a normal heart. (Records 


reduced to three-fifths actual size.) 


his typical respiratory cycle were either 
normal or nearly so, but the 3 or 4 smaller 
complexes were distorted, the I wave being 
small or absent and J wave so diminished 
in size that it hardly rose above the base 
line in many complexes. 

M. T. left the University Hospital soon 


1947 was quite similar to the first but per- 
haps not quite so abnormal as the percentage 
of abnormal to normal complexes was smaller 
than in 1937. 

Subject D. H., a physician, was 63 years 
of age when tested in 1937 and thought of 
himself as in good health, as did I. The 
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ballistocardiogram was very abnormal. Only 
an occasional large complex was normal in 
form. In the rest, the abnormality varied 
from beat to beat with the respiratory cycle. 
The most abnormal were of the typical late 
downstroke type with I very shallow and 
rounded, J low and wide and K deep and 
conspicuous. An occasional complex was so 
small that the waves were hard to identify. 
Various forms intermediate between these 
and the normal occurred in other complexes. 


D. H. has written me that he had his first 
attack of coronary infarction in July 1940 
and he describes it as moderately severe. 
A second such attack in June 1942 was de- 
scribed as slight, another in September of 
that year, as moderate. Further attacks in 
1943 and 1945 were described as slight and 
moderate. Between these acute episodes 
there has been an occasional attack of angina 
pectoris. At present he has retired from 
practice, avoids undue exertion, and suffers 
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Fic. 2.—Comparison between the after-histories and the relative amount of the circulation as calcu- 
lated from the time-amplitude of ballistocardiograms taken in 1937, 1938 and 1939. The data are 
referred to the subjects’ actual weight in the upper diagram, to their ideal weight in the lower. The 
seale to the left is based, not on the data here given, but on the statistics of 54 healthy persons between 


20 and 30 years of age. 


Zero has been placed at the mean of this group. The normal limits of this 


group, defined as twice the standard deviation, are +33% from the mean when referred to actual 


weight, +29% when referred to ideal weight. 


The different symbols indicate the after-histories — 


O, remained well until 1947; ®, developed coronary heart disease; +, died of heart disease; X, died 


without developing heart disease. 
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only from an occasional feeling of constric- 
tion in the chest. He has undue dyspnea 
if he performs any unusual exertion. 


Supsects Hap 
GRAMS NorRMAL IN Form. Subjects Who 
Developed Heart Disease. These are repre- 
5 sented by black dots and crosses in 
5 Figure 2, and by records 3, 4, 5 and 6 
= of Figure 1. One sees at a glance that 


wa these cases had ballistocardiograms with 
o systolic complexes smaller than most 


others of their age group, and conspicu- 
ously smaller than the records obtained 
on healthy young adults. 

In Figure 2, where the data are referred 
to ideal weight, 4 of our subjects deviated 
from the average normal of the 20 29 age 
group by over 55%. These had smaller 
ballistocardiographic deflection than any 
other subjects tested, and their after- 
histories will be presented first. 


. Subject F. D. was 69 years of age when 
«f tested in 1937. He had suffered from 
* asthma in his youth but had had no attacks 
for years, and considered himself in good 
health. His ballistocardiogram was unusu- 
ally small in amplitude, —58%. He re- 
mained in good health until 1940 when he 
consulted me and gave a typical history of 
mild angina pectoris after unusual effort. 
At that time he had no difficulty climbing 
: 2 flights of stairs if he did not rush. In 


turned, whether of cardiac origin or a re- 
crudescence of his old asthma cannot be 
stated with certainty. He was admitted to 
a hospital in another city but before a study 


7 could be made, fell or jumped from the 
7 5 window and was found dead on the pave- 
ile ment below. Necropsy was not performed 


because the subject, always interested in the 
medical profession although not a doctor, 
had willed his body to the Harvard Medical 
School for dissection; a fact I mention as a 
tribute to him. 

Subject K. V. had always had excellent 
health and was 74 years old when examined 
in 1938. This ballistocardiogram, repro- 
duced in Figure 1, was extremely small in 
amplitude, the measurements deviating 
from the normal young adult average by 
—60%. 

She developed typical mild angina 4 years 


1941 attacks of severe breathlessness re-' 
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later and has continued to suffer from such 
attacks. She is alive today, aged 83, her 
activity greatly limited by a severe arthritis 
of both knees which makes it impossible to 
say what her exercise tolerance would be. 
She has no attacks at rest. 

Subject D. G., a physician, was 63 when 
tested in 1939 and considered himself to be 
in the best of health. His ballistocardiogram 
is reproduced in Figure 1. The waves are 
abnormally small and J fails to dominate 
the record, not exceeding H in many com- 
plexes. I and J, though small, are normal 
in form, the calculation giving a deviation 
of —60% from the average of healthy young 
adults. 

This subject suffered from an attack of 
typical coronary infarction in 1945 and was 
treated in the University Hospital. He 
made a good recovery but did not resume 
the practice of medicine. He now writes 
that at present he is careful of himself and 
takes no severe exertion. On this regimen 
he has had no angina, but he notices some 
undue dyspnea on mild exertion. 

Subject F. G. was 59 years old when tested 
in 1937, and was leading a very strenuous 
life at that time, even for one of the medical 
profession. His ballistocardiogram was nor- 
mal in form; it showed abnormally small 
deflections, the calculation being —58%. 
He had a typical attack of coronary infarc- 
tion in 1939, and 2 minor episodes since 
that time may have been of the same nature. 
He made a good recovery, and at present, 
aged 70, seems to be working almost as hard 
as ever. 


The other cases who developed: heart 
disease, with one exception, gave ballisto- 
cardiograms with abnormally small deflec- 
tions compared with the healthy young 
adults and also with the majority of their 
age group, but they do not stand con- 
spicuously alone in Figure 2 as the cases 
mentioned above. 


Subject G. E. was 74 years of age when 
tested in 1939. Three years before this date 
anemia had been discovered and a diagnosis 
of pernicious anemia (?) had been made. 
The anemia responded poorly to reticulogen 
and there was doubt as to the diagnosis. 
Slight pain suggestive of angina pectoris had 
occurred at this time but this had disap- 
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peared after his blood had slowly returned 
to normal. The diagnosis of angina pectoris 
was not made by the attending physician in 
1936. When tested in 1939, G. E. considered 
himself to be in perfect health and his blood 
count was entirely normal. He was, how- 
ever, taking liver extract. The record is 


reproduced in Figure 1, the calculation 


was —51%. 

Angina pectoris was first diagnosed in 
1942. In October 1943 he had a severe 
attack of constant substernal pain and was 
admitted to the University Hospital where 
acute coronary occlusion was diagnosed. 
The electrocardiogram strongly suggested an 
acute infarction involving the posterior and 
possibly also the lateral surface of the left 
ventricle, with partial heart block. He went 
downhill steadily and died 6 weeks after 
the onset. There was no necropsy. Because 
of trouble anteceding the ballistocardiogram 
there is doubt whether this patient should 
be included in our series. 

Subject D. H., a physician, was 85 years 
old when tested in 1938. He was well pre- 
served and insisted that his health was 
excellent. Indeed he came to the hospital 
only because of a laceration of the scalp. 
P. E. disclosed a rough systolic murmur, 
and arteriosclerosis of the palpable vessels. 
The electrocardiogram was normal. The 
heart was normal in size by Roentgen ray. 

He was readmitted to the University 
Hospital in 1940. The heart was now slightly 
enlarged by Roentgen ray and the electro- 
cardiogram showed diphasic T waves in 
Leads 1, 2, CF, and CF;. His prostate was 
moderately enlarged, B.P. 160/90, Roentgen 
ray of the chest showed emphysema. The 
cardiac murmurs were more prominent 
and arteriosclerotic heart disease was diag- 
nosed. He did fairly well until the age of 
92 when he developed a left hemiplegia and 
died several weeks later at the Philadelphia 
General Hospital. I can find no record of a 
necropsy. 

Subject N. E. was 65 when tested in 1939, 
and considered himself in excellent health. 
His ballistocardiogram was normal in form 
but unduly small, the deviation being —40%. 

He continued in good health until 1946. 
Then, when at work in the laboratory he 
developed a precordial pain of moderate 
severity. He walked to the University 
Hospital and was admitted. Electrocardio- 
gram next day indicated a posterior cardiac 


infarct. He died suddenly the day after. 
Necropsy confirmed the diagnosis of acute 
posterior cardiac infarction; death was due 
to rupture through the infarct. Both cor- 
onaries showed many places where the lumen 
was greatly reduced. 

Subject H. B., an orderly, was first tested 
in 1937. This record and 3 subsequent ones 
were reproduced in a previous communica- 
tion,’ and I have little to add to the earlier 
after-history there recorded. The first 
record deviated from the average of healthy 
persons by —44%. He suffered from a 
typical attack of posterior cardiac infarction 
in 1939 which was treated in the University 
Hospital. He recovered from the acute 
episode, but suffered from angina pectoris 
which increased in severity until he was 
forced to leave his job as hospital orderly 
in 1941. He could not be followed further. 

Subject I. G. was 57 years old when tested 
in 1937, and was in excellent health. The 
ballistocardiogram was normal in form but 
unusually small; the calculation showed a 
deviation of —44%. 

The after-history of this case was com- 
pletely given in the 5 year follow-up.‘ 
Angina pectoris was first diagnosed in 1942. 
His last illness began with pneumonia com- 
plicated by emphysema; while convalescing 
he died suddenly. Necropsy showed sev. re 
widespread arteriosclerosis of the coronary 
arteries and an infarct of the lateral wall of 
the left ventricle which was judged to be 
several days old. 

Subject K. V. was 53 when tested in 1939; 
he gave a history of a transient attack of 
auricular fibrillation several years before, 
but he denied all other symptoms of cardiac 
disease. The record was normal in form 
and deviated from the average of healthy 
young adults by —37%; it is reproduced in 
Figure 1. 

This subject developed angina pectoris 
after unusual effort; the onset was gradual 
and it is hard to date. He has continued 
to suffer from it but at present, aged 61, he 
is leading an active and useful life as a 
physician. 

Subject C. N. was mentioned under the 
heading of abnormal records but we have 
included his data in Figure 2 because the 
abnormality did not affect the I and J waves 
used to estimate cardiac output. His record 
deviates by —41% from the average of 


healthy young adults. 
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The subjects described above all had 
circulations believed to be abnormally 
small. The last case is the only exception. 
Although not so in absolute size, in terms 
of ideal weight, the deflections of this 
subject’s ballistocardiogram were larger 
than those of anyone else in the same age 


group. 


: Subject S. C. was 44 years old when tested 
ag in 1937. Interpretation of this record is 
ae rendered difficult by the fact that the sub- 
7 ject was unusually small, only 4’4” in height 
and 98 pounds in weight. Using our usual 
criteria the calculation deviates from the 
average of healthy young adults by +20%. 
There was a history of rheumatic fever in 
1928 but no cardiac lesion had ever been 
demonstrated. The gall bladder was re- 
moved in 1936 for calculus cholecystitis; 
recovery from the operation was complete. 
However, in 1942 when hill climbing at high 
altitude in Colorado there was an attack of 
pain of brief duration “undoubtedly angina 
. pectoris.” The same year at Philadelphia 
- there were 2 similar attacks after running 
to catch a bus. In 1944 a previously un- 
a recognized chronic urinary tract infection 
# was discovered and this required treatment. 
4 At present (1947) the subject can walk long 
: distances without distress but is perhaps 
unusually short of breath on stair climbing. 
A physician especially interested in this case 
wonders whether this subject has more 


the same age. 


Cases Diep WitHovut DEVELOoP- 
ING Heart DIsEaseE. 

Subject K. R. was 65 when tested in 1939 
and appeared in excellent health. His 
ballistocardiogram was larger than anyone 
else in his age group, deviating from the 
average of healthy young adults by —13% 
- which placed him well within normal limits 
for that group. In 1941 he was admitted 
to the hospital because of gastro-intestinal 
symptoms. Laparotomy disclosed an in- 
operable carcinoma of the rectum. He died 
4 months later of uremia after a period of 
anuria. Permission for necropsy was refused. 

Subject S. V. was 61 when tested in 1939. 
A famous football player in his youth, he 
om was in excellent health. His ballistocardio- 
: aa gram shown in Figure 2 was entirely normal. 
In size it was above the average of his age 


“heart disease” than the avérage person of 
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group and —34% in relation to the average 
of healthy young adults. 

This subject was in excellent health until 
the day of his death. In 1945 while attend- 
ing to his medical duties he fell unconscious 
and died in a few minutes. The necropsy 
demonstrated a subarachnoid hemorrhage 
due to rupture of a small congenital aneur- 
ysm. The heart was normal. 

Subject H. T. was 47 years old when 
tested in 1939. For many years he had 
taken alcoholic beverages in large amounts 
but he certainly considered himself to be in 
good health. His ballistocardiogram was 
normal in form but one of the smallest of 
his age group, and it deviated from the 
average of healthy young adults by —44%. 

This subject remained in reasonably good 
health until 1945 when he first noted weak- 
ness, loss of weight and distention of the 
abdomen. Examination disclosed slight 
jaundice, a liver edge down to the umbilical 
level, and a doubtful mass in the left lower 
quadrant. Laparotomy disclosed cirrhosis 
of the liver with ascites. The gall bladder 
was distended so a cholecystostomy was 
done. He went down hill rapidly and died 
7 days after the operation. Necropsy show- 
ed a typical Laennec’s cirrhosis with ascites, 
fibrocaseous tuberculosis of the lungs both 
active and inactive, and 2 ulcers in the 
terminal ileum. The heart was normal. 

Subject N. O. was 48 when she was tested 
in 1938. Her record was normal in form 
and but little below the mean of her age 
group in size. It deviated from the average 
of normal young adults by —34%. 

This subject remained in good health until 
a few months before her death in 1940. 


After becoming acutely ill she entered the | 


University Hospital. The Roentgen ray 
disclosed widespread lesions of both lungs 
judged to be due to metastatic malignancy. 
She soon developed hemiplegia and died. 
There was no necropsy. 

Subject X. R. was 72 when tested in 1938. 
In his youth he had been a famous athlete, 
holding a world’s record, and he had always 
kept himself in top physical condition by 
vigorous regular exercise. He suffered oc- 
casionally from asthmatic attacks during the 
pollen season. A blood pressure of 170/100 
was found and judged to be due to tenseness. 
The ballistocardiogram was normal in form 
and above the average of his age group in 


lir 
re tic 
an 
Hi 
W 
in 
WI 
Ww: 
H 
th 
du 
its 
gr 
of 
m 
su 
an 
sh 
wl 
wi 
ab 
he 
de 
th 
alt 
the 
be: 
| 
cal 
ori 
eX] 
lin 
wa 
op 
to 
tio 
any 
yo 
re] 
oul 
in; 
for 
Fig 


STARR: ABNORMAL BALLISTOCARDIOGRAMS IN APPARENTLY HEALTHY PERSONS 241 


size. Indeed it was well within the normal 
limits of the healthy young adults. 
About 2 years before his death in 1942 he 


: developed symptoms of prostatic obstruc- 


tion but he refused both surgical treatment 
and medical supervision until near his end. 
He died of urinary tract infection and uremia 
in another hospital. There was no necropsy. 


CONCERNING A CasE WxHo REMAINED 
We tt Despire ApvANCED AGE. Just as 
interesting as the after-histories of those 
who fell ill is that of Subject M. R., who 
was 79 at the time of the test in 1939. 
He considered himself in excellent health 
then and his ballistocardiogram is repro- 
duced in Figure 1. Normal in every way 
its size places it near the top of his age 
group and not far from the average normal 
of healthy young adults. 

Consistent with this surprisingly nor- 
mal record at such an advanced age, this 
subject is alive and well today, aged 87, 
and seems as active as he ever was. 

Discussion. Inspection of the records 
shown in Figure 1 shows the main feature 
which I wish to emphasize. The patients 
whose records were abnormal in form, or 
abnormally small in amplitude, developed 
heart disease in large numbers during the 
decade following. 

Measurements of these records confirm 
the impression gained by inspection, 
although there is some doubt as to how 
the figures obtained by measurement can 
best be applied to the detection of ab- 
normality. Our data were first used to 
calculate cardiac output according to our 
original “area” formula,‘ and the results 
expressed this way were given in a pre- 
liminary report.6 When compared in this 
way the subjects who eventually devel- 
oped serious cardiac difficulty were found 
to have had cardiac outputs low in rela- 
tion to subjects of the same age group, 
and even lower in relation to healthy 
young adults. But the use of the factor 
representing aortic diameter, present in 
our old formula,’ seems no longer justified 
ina calculation of cardiac output.” There- 
fore in calculating the data recorded in 
Figure 2 it was omitted. By so doing the 


decline in amplitude of ballistocardio- 
grams as age advances is more clearly 
shown; a finding consistent with the dimi- 
nution of cardiac output as age advances 
suggested by the data of Cournand et al.' 
By this method of calculation the abnor- 
malities of those who eventually developed 
heart trouble are emphasized even more. 

Another uncertainty is how the measure- 
ments of the ballistic record should be 
related to body size. In Figure 2 we have 
calculated the results in terms of both 
actual and ideal weight, the latter derived 
from age, sex and height in accordance 
with actuarial tables.2 The second method 
reduces the scatter of the data. Inspec- 
tion of Figure 2 demonstrates that the 
cases eventually developing heart disease 
gave conspicuously low values when either 
actual or ideal weight was employed. 

It is indeed striking that each of the 
6 cases giving records whose amplitude, 
referred to actual weight, differed from 
the average of healthy young adults by 
more than 52% developed coronary heart 
disease within 10 years. When ideal 
weight is employed, this is true of only 
the 4 lowest cases; but a line drawn at a 
level of —44% below the mean of healthy 
young adults divides the data so that 
50% of the cases below developed heart 
disease, in contrast to but 5% of those 
above; a highly significant difference. 

There is, however, 1 case which is a con- 
spicuous exception to the generalization; 
that those fated to develop heart disease 
have abnormally small impacts before 
their disease becomes manifest. In the 
40-49 age group is 1 subject (S. C.) who 
showed a record far larger than the others 
in this group, but who has had 3 attacks 
which may well have been angina on 
most unusual exertion. I make no pre- 
tense of having a completely satisfactory 
explanation of a finding so far from my 
expectations, but several thoughts come 
to mind. In 2 well-known conditions, 
hyperthyroidism and abnormal arterio- 
venous communications, a prolonged per- 
iod of increased circulation often leads to 
serious cardiac abnormality. This patient 
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certainly did not suffer from either of 
these conditions, but one may wonder 
whether some other unknown condition, 
causing the hyperkinemia demonstrated 
in 1938, may not have been leading to 
cardiac abnormality in similar fashion. 
Perhaps more to the point is the unusual 
size of this subject who was only 4’4” tall; 
a factor which of itself raises doubt 
whether the data should be compared 
with those obtained in the series of more 
well-developed persons. But as I have 
reported other instances of patients with 
normal ballistocardiograms before and 
after an attack of coronary occlusion,® it 
seems evident that exceptions are to be 
expected. The point is, that if the ballisto- 
cardiogram is normal, the chances of de- 
veloping coronary heart disease are much 
diminished. 

Of equal interest is the after-history of 
a very active old man of 79 whose ballisto- 
cardiogram in 1939 was similar to that of 
the average healthy young adult. Ap- 
parently he had indeed the spirit of youth 
within him for today at 87 he seems as 
active and as healthy as ever. 

Summary. Eight-to-10 year after-histo- 
ries have been secured on 90 supposedly 
healthy persons over 40 years of age 
tested on the ballistocardiogram during 
1937, 1938 and 1939 for the purpose of 
compiling normal standards. 

Four of these subjects had ballistocar- 
diograms abnormal in form. Three of the 
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4 developed coronary heart disease in the 
years which followed. 

In 86 subjects the ballistocardiograms 
were normal in form. These results have 
been arranged according to the size of the 
ballistocardiogram as related to actual 
and ideal weight. The 6 cases giving the 
smallest records in proportion to actual 
weight developed coronary heart disease. 

A line can be drawn through the data 
at a level 44% below the average of 
healthy young adults referred to ideal 
weight. Of these cases, 50% falling below 
the line developed serious heart disease, 
in contrast to 5% of those above; a highly 
significant difference. 

Five subjects who gave ballistocardio- 
grams normal in form and amplitude dur- 
ing the years 1937, 1938 and 1939 died 
within the next 8 to 10 years. None of 
them developed clinical evidence of heart 
disease, and in 2 the heart was normal at 
necropsy. 

A man of 79 gave a ballistocardiogram 
whose amplitude was above that of most 
others in his. age group and indeed equal 
to that of many young adults. He is now 
well and active at the age of 87. 

A ballistocardiogram abnormal in form, 
or of unusually small amplitude is of 
serious prognostic significance. 

The ballistocardiographic method gives 
promise of identifying coronary heart dis- 
ease far earlier in its course than has been 
possible hitherto. 
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(From the Cardiac Laboratory, Massachusetts General Hospital) 


For years our interest, like that of 
other physicians dealing with many cases 
of congestive heart failure, has been at- 
tracted by the preponderance of right 
hydrothorax in such patients. The prob- 
lem of its mechanism has been difficult 
to solve and there has also been some 
difference of experience concerning the 
relative incidence of right, left and bi- 
lateral hydrothorax in congestive heart 
failure. Stimulated by recent papers on 
the subject, particularly by that of Bed- 
ford and Lovibond,! which has differed 
somewhat from our own experience, we 
have reviewed 100 cases of hydrothorax 
in congestive heart failure encountered at 
autopsy at the Massachusetts General 
Hospital during the past 10 years and are 
reporting that analysis herewith. 

The literature on the subject has been 
reviewed by Bedford and Lovibond in 
their recent article. These authors ana- 
lyzed 346 cases of congestive failure of 
which 136 showed hydrothorax as deter- 
mined mostly by Roentgen ray examination 
(89 cases) and by paracentesis or necropsy 
in 20 of the remaining 47 cases. Hydro- 
thorax was found in 45 of 109 necropsies. 
Of the 136 clinically studied cases, 68 had 
right hydrothorax, 42 left and 26 bilateral, 
thus showing a preponderance of right to 
left hydrothorax except in the cases of 
hypertensive heart disease with normal 
rhythm in which the ratio was reversed 
(left:right::19:10). In their series of 
45 cases studied postmortem, right hydro- 
thorax was found 11 times, left 9 and 
bilateral 25. 

Bedford and Lovibond have emphasized 
the importance of the pulmonary circula- 
tory venous drainage as well as of the sys- 
temic in the development of hydrothorax. 


PresENT SertEs. We have studied 
the autopsy and clinical records of 100 un- 
selected cases of congestive heart failure 
with hydrothorax that died at the Massa- 
chusetts General Hospital from 1933 to 
1941 in order to determine the relative 
incidence of right- and left-sided effusion 
in toto and according to the types of heart 
disease and the primary strains (that is, 
left ventricular and right ventricular) 
involved. It is essential to base such a 
study on postmortem data, not only for 
greater certainty as to the type of heart 
disease and the heart chamber chiefly af- 
fected, and to establish more accurately 
the presence, character and amount of 
pleural fluid on both sides, but to ascer- 
tain the vitally important facts concerning 
adhesions or even obliteration of either 
pleural cavity and the possible presence of 
pulmonary infarcts, conditions that are 
difficult or impossible to diagnose clini- 
cally, even with the help of the Roentgen 
ray. It is true that such a study does not 
take into account the early or mild cases 
of congestive heart failure but such cases 
rarely show hydrothorax anyway, and the 
bulk of the serious cases are aseiam in 
the autopsy series. 

Sex and Age. Of the 100 cases, 77 were 
male and 23 were female. Their ages 
varied as follows: 0 to 11 years, 1; 11 to 
20 years, 7; 21 to 30 years, 6; 31 to 40 
years, 15; 41 to 50 years, 15; 51 to 60 
years, 17; 61 to 70 years, 24; 71 to 80 years, 
13; 81 to 90 years, 2. 

The amount of fluid varied from 100 to 
2000 cc. on a side, averaging about 500 
to 600. 

The character of the fluid was that of a 
transudate, occasionally blood stained, in 
2 instances grossly bloody, and in 1 case 


NS 
the 
ms 
ive 
the 
ual 
the 
ual 
ase. 
lata 
of 
Jeal 
low 
ase, 
shly 
dio- 
dur- 
died 
of 
eart 
al at 
most 
qual 
now 
form, 
is of 
gives 
t dis- 
been 


purulent on one side (due to a complicat- 
ing infection) but clear on the other side. 

The side of the hydrothorax: Unilateral 
right hydrothorax was more common than 
left in the ratio of 15 cases to 13 and it 
is of considerable interest that each of the 
13 cases of unilateral left hydrothorax 
had an important factor in addition to 
the congestive heart failure, 12 of the 
cases showing complete obliteration of the 
right pleural cavity and the 13th infarc- 
tion of the left lung alone. Only 2 of the 
15 cases with unilateral right pleural 
effusion had an obliterated left pleural 
cavity, and only 2 others had unilateral 
right pulmonary infarction. The remain- 
ing 72 cases had bilateral pleural effusions, 
equal in almost half (34 cases), but in the 
other 38 cases much more preponderant 
on the right side than on the left in the 
ratio of 30 cases to 8. 

The etiologic types of heart disease: 
Rheumatic heart disease was more com- 
monly encountered than any other type, 
being found in 34 cases, alone in 32 and 
complicated in 2 others (in 1 with hyper- 
tensive heart disease and in the other 
with coronary heart disease). Of the 32 
uncomplicated cases, 28 had mitral sten- 
osis with or without other valve lesions; 
only 3 cases had predominantly aortic 
valve disease. Of the 32 cases, 5 had uni- 
lateral right and 3 others unilateral left 
hydrothorax, the latter showing in 2 cases 
in obliterated right pleural cavity and in 
the other left sided pulmonary infarction. 
The effusion was bilateral in the other 
24 cases, equal on the 2 sides in 9, greater 
on the right in 9 and greater on the left 
in 6 (1 of these had a solitary left pul- 
monary infarct). The other 2 cases of 
rheumatic: heart disease showed bilateral 
hydrothorax, preponderant on the right 
in the hypertensive patient and equal on 
the 2 sides in the patient with coronary 
occlusion. 

There were 28 hypertensive cases, un- 
complicated in 14 and associated with 
coronary heart disease in 12, with rheu- 
matic heart disease in 1 (cited above), and 
with cardiovascular syphilis in 1. Of the 
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14 uncomplicated cases, 3 showed uni- 
lateral right hydrothorax and 4 showed 
unilateral left hydrothorax, those 4 all re- 
vealing obliterated right pleural cavities. 
The other 7 cases had bilateral effusion, 
equal on the 2 sides in 2 but greater on 
the right than on the left in 4 of the remain- 
ing 5 cases. The 12 cases of hypertensive 
and coronary heart disease showed uni- 
lateral right hydrothorax in 2, unilateral 
left in 1 with an obliterative pleuritis on 
the right, and bilateral effusion in the 
other 9 (equal in 7 and preponderant on 
the right side in 2). The case complicated 
by syphilitic cardiovascular disease had 
bilateral effusion, greater on the right 
than on the left, and also bilateral pul- 
monary infarction. 

Coronary heart disease was the type 
without complications in 21, 4 of whom 
showed unilateral right hydrothorax and 
2 unilateral left (both cases having 
obliterated right pleural cavities). The 
other 15 had bilateral effusions, equal on 
the 2 sides.in 7, greater on the right in 7, 
and greater on the left in the remaining 
patient. The 12 cases of coronary and 
hypertensive heart disease have been re- 
ferred to in the preceding paragraph. The 
1 case of coronary heart disease compli- 
cated by rheumatic heart disease, cited 
above, had equal effusions on the 2 sides. 

Aortic stenosis of the calcareous types 


“was present in 8 patients. There was a 


bilateral effusion in 7, 5 of whom showed 
more fluid on the right side than on the 
left, the sixth case showing equal effusions 
on the 2 sides, and the seventh more on 
the left than on the right. The eighth 
patient had a unilateral left hydrothorax 
due apparently to the combination of con- 
gestive heart failure and obliteration of the 
right pleural cavity. 

One case with uncomplicated cardio- 
vascular syphilis and congestive heart fail- 
ure showed bilateral hydrothorax greater 
on the right than on the left, as did also 
the other syphilitic case, already men- 
tioned, complicated by hypertension. 

Chronic constrictive pericarditis was the 
factor in 2 cases of congestion. In 1 case 


t 
0 
0 
a 
r 


on 


ous 
& 
| 
r 
k 
be 
t 
d 
f 
= by 
a 
£3 
= 


WHITE, AUGUST, MICHIE: HYDROTHORAX IN CONGESTIVE HEART FAILURE 245 


the hydrothorax was right-sided with an 
obliterated left pleural cavity and the 
other case showed the opposite picture, 
a left-sided effusion with an obliterated 
right pleural cavity. 

A single example of cor pulmonale 
showed a pure left-sided effusion with 
right-sided obliterative pleurisy. 

Out of the 100 cases surveyed, only 1 
was due to congenital heart disease (cor 
biatriatum triloculare) and this exhibited 
a bilaterally equal hydrothorax. 

The final group represents 5 cases of 
cardiac enlargement and failure of un- 
known cause. All had bilateral hydro- 
thorax, 3 equal in amount and 2 pre- 
dominantly right-sided. Pulmonary in- 
farcts were present in 3 cases, right-sided 
in 1 with predominantly right-sided effu- 
sion, and multiple in the other 2, 1 with 
chiefly right-sided and 1 with equal 
amounts of pleural fluid. 

Type of heart failure: An attempt was 
made to determine the incidence of left, 
right and bilateral heart failure. Cer- 
tainly the majority started as unilateral 
left strain: 14 hypertensive cases, 12 
hypertensive and coronary, | hypertensive 
and syphilitic (with aortic regurgitation), 
21 coronary and 12 others with aortic 
valve disease (stenosis or regurgitation or 
both), a total of 60, and yet these as 
noted above showed a slight preponder- 
ance of right hydrothorax (31 cases), both 
unilateral (right 9 and left 8, all of the 
latter showing also obliteration of the 
right pleural cavity) and a greater amount 
when bilateral (right 22, left 3 and equal 
18). Of the 29 cases of preponderant 
mitral stenosis and hence primarily right 
ventricular strain, 12 showed either right 
or predominantly right-sided effusion, 
and 9 were predominantly left. Of the 3 
of these which had unilateral left-sided 
effusions, 2 had obliterative pleuritis on 
the right side and the remaining case 
showed left-sided pulmonary infarction. 
Among the other 6 cases with bilateral 
and chiefly left-sided effusion, 1 presented 
a left-sided pulmonary infarction. The 
remaining 8 cases had bilateral equal 


effusions. The other case of right-sided 
strain, a case of cor pulmonale secondary 
to pulmonary endarteritis had a small 
left-sided effusion but also had oblitera- 
tive adhesions on the right. The remain- 
ing 10 cases of the 100 had primary strain 
on both ventricles, 5 of these showed 
equal effusions on the 2 sides, 3 showed 
more fluid on the right than on the left, 
1 showed fluid only on the right, and 1 
only on the left, explainable probably by 
obliteration of the opposite pleural cavity 
in each of the last 2 cases. 

At the time of death 73 of the 100 cases 
showed total heart failure, 14 apparently 
unilateral right, and 12 apparently uni- 
lateral left; the 100th case showed sys- 
temic congestion due to chronic constric- 
tive pericarditis. 

It is also worthwhile to call attention 
to the frequency of pulmonary infarction 
in this series of 100 cases of congestive 
heart failure; 30 patients (30%) showed 
such involvement, 15 or one-half on both 
sides, 11 in the right lung alone, and 4 in 
the left alone. Of the 15 cases with 
bilateral infarction, 11 showed bilateral 
pleural effusions, with equal amounts in 
5 of them and preponderant right hydro- 
thorax in the other 6. Of the 11 cases 
with right lung infarction alone, 2 had 
unilateral right pleural effusion and 9 bi- 
lateral effusion (equal in 3 and with pre- 
ponderance on the right in the other 6). 
Of the 30 cases showing pulmonary infarc- 
tions, 26 had right-sided or multiple 
infarcts, and 16 of these showed either 
right-sided or predominantly right-sided 
effusions, and none showed left-sided and 
only 1 a predominantly left-sided effusion. 
Of the 4 cases showing left-sided infarcts 
only 2 had bilateral effusions, 1 equal and 
1 predominantly left-sided, and 2 had left 
unilateral effusions, 1 possibly due to an 
obliterative right pleuritis. 

In this series 67 cases had electrocardio- 
grams. Eleven cases are omitted because 
of obliterative pleurisy on the side oppo- 
site the effusion or because of pulmonary 
infarction on the same side as the effusion. 
Of the remaining 56 cases, 17 showed 
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auricular fibrillation with 9 or half having 
right- or predominantly right-sided effu- 
sions. Among the 38 cases having regular 
rhythm, 27 or more than half showed 
right-sided or predominantly right-sided 
effusions. One case had complete heart 
block with bilateral effusion. The cases 
are further divided into those showing 
right, left and total strain. The 15 cases 
of rheumatic heart disease represent those 
showing right strain. Eight of these 
showed auricular fibrillation and 7 had 
regular rhythm. In the cases with auricu- 
lar fibrillation, 3 had right or predomi- 
nantly right effusion, while among the 
cases with normal rhythm, 4 cases had 
right or predominantly right effusion. The 
28 cases of coronary, hypertensive and 
aortic valvular disease are grouped to- 
gether under left ventricular strain. Of 
the 7 cases having auricular fibrillation, 
; 4 cases showed chiefly right-sided effusion, 
: while of the 21 cases with regular rhythm, 
14 cases showed largely right-sided effu- 
sion. Thus in this small series of cases, 
ie neither the rhythm itself, nor the rhythm 
hee combined with the type of heart strain, 
Be exhibits any correlation with the location 
of the pleural effusion. 

Another series of 100 cases of left ven- 
7 tricular failure were studied in relation to 
z hydrothorax. In all cases, the diagnosis 


genray. The patients entered the Massa- 
chusetts General Hospital between the 
years 1937-1945. Patients who entered 
™ because of left ventricular failure (acute 
> pulmonary edema and dyspnea) were pri- 
marily used in this series. In atidition, 
other cases with primary left ventricular 
strain (such as hypertensive heart disease 
or aortic valvular disease)—some of whom 
exhibited signs of right failure later in the 
course of the disease—were included. 
However, no cases of rheumatic heart 
disease or primary right ventricular strain 
were used. Cases with known recent pul- 
monary embolus were automatically ex- 
cluded because of the demonstrated pos- 
sible relation of pulmonary embolus to 
hydrothorax in our autopsy cases. In 


of hydrothorax was confirmed by Roent- 
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this series of 100 cases with left ventricu- 
lar failure, 76 showed no hydrothorax, 
16 showed bilateral hydrothorax (1 of 
which was predominantly right-sided, the 
remainder were equal). Six had unilateral 
right hydrothorax and 2 had unilateral 
left hydrothorax. Six of the 24 cases 
which had hydrothorax had no associated 
signs of right heart failure, such as en- 
larged liver or ankle edema; 18 did develop 
such signs secondarily. 

It is of interest that the Roentgen ray 
report of 1 of the cases of unilateral left 
hydrothorax stated that there was “ thick- 
ening of the lower pleura on the right.” 
This finding is similar to the finding (in 
our series of autopsy cases) of obliterative 
pleurisy on the right in cases with uni- 
lateral left hydrothorax. 

Also of note is the fact that 2 of our 
cases (included under bilateral hydro- 
thorax) were found to have unilateral left 
hydrothorax on Roentgen ray films taken 
after treatment. Thus, these 2 cases might 
have been classified as unilateral left 
hydrothorax if earlier roentgenograms had 
not been on the record. It is not unlikely 
that some of the cases of unilateral right 
hydrothorax may have previously had 
bilateral hydrothorax, but our records do 
not show this possibility. 

Finally, it is of some interest that 14 
of the 100 cases had obliterating pleural 
adhesions (12 on the right and 2 on the 
left). Three more cases had extensive 
pleuritis (2 on the right and 1 on the left). 
Thus in this small series of cases both 
hydrothorax and important pleural adhe- 
sions were preponderantly right-sided. 

Discussion. This analysis has confirmed 
the clinical impression of many years and 
the published findings of most observers 
of the preponderance of right-sided hydro- 
thorax over left in congestive heart failure, 
no matter what the pathogenesis of pleural 
effusions of cardiac origin may be. This 
preponderance was present in our cases 
without regard to the type of heart dis- 
ease or the side of the heart under initial 
major strain. 
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Furthermore, it is of interest that left 
unilateral hydrothorax in our cases was 
always accompanied by an adequate ex- 
planation in addition to the congestive 
heart failure, consisting of complete oblit- 
eration of the opposite pleural cavity in all 
but 1 case in which there was infarction 
of the lung on the same side. This was 
not true of the majority of the cases of 
right unilateral hydrothorax. 

The explanation of the preponderance 
of right hydrothorax in congestive heart 
failure remains obscure but quite possible 
factors include the larger extent of the 
circulation of right lung and pleural sur- 
faces on the right side than on the left 
and the greater frequency of right-sided as 
compared with left-sided decubitus. 

Summary. 1. We have analyzed 100 
cases of congestive heart failure showing 
hydrothorax at autopsy at the Massa- 
chusetts General Hospital. 

2. Fifteen cases showed unilateral right 
hydrothorax, 13 showed unilateral left 
hydrothorax. Each one of the latter re- 
vealed an important factor in addition to 
the congestive failure, there being found 
complete obliteration of the right pleural 
cavity in 12 and unilateral left pulmonary 
infarction in the remaining case, in con- 
trast to only 4 such explanations among 


the 15 cases of unilateral right hydro- 
thorax. 

3. The remaining 72 cases showed bi- 
lateral pleural effusions, equal in 31 but 
preponderantly right-sided in 32 of the 
remaining 41. : 

4. The etiologic type of heart disease 
and the side of the preponderant initial 
ventricular strain (left vs. right) made 
little difference as to the location of the 
hydrothorax, but the great majority of 
these cases at autopsy showed right heart 
failure usually superimposed on left. 

An additional 100 cases of acute left 
ventricular failure in hypertension or 
aortic valve disease were analyzed as to 
the subsequent occurrence of hydrothorax 
during the next few weeks; 76 of the 100 
showed none, while 16 developed bilateral 
hydrothorax, 6 unilateral right and only 2 
unilateral left; of the 24 cases who devel- 
oped hydrothorax, only 6 failed to show 
any recognized sign of right heart failure 
and it is possible that the venous pressure 
might, if recorded, have been elevated in 
those 6 cases also. 

5. Pulmonary infarction (superimposed 
on or precipitating or aggravating the 
congestive failure) was found in 30 cases 
and played a secondary réle in the localiza- 
tion of the hydrothorax. 


Addendum. After completing this paper an article by Edgar M. McPeak and Samuel A. Levine, 
entitled ‘‘The Preponderance of Right Hydrothorax in Congestive Heart Failure,’ appeared in the 
December 1946 number of the Annals of Internal Medicine, vol. 25, p. 916. The conclusions of these 
authors in general correspond to our own with minor differences. The combination of these series of 
cases in Boston should help very much to clarify the clinical features of hydrothorax in congestive heart 
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ATRIAL SEPTAL DEFECT 


CORRELATION OF AUTOPSY FINDINGS WITH DATA OBTAINED BY 
RIGHT HEART CATHETERIZATION 


By JosepH C. Masser, M.D. 


ni ASSISTANT PROFESSOR OF CLINICAL MEDICINE 
ATLANTA, GEORGIA 


At Emory Medical School the method 
of heart catheterization has been used 
more than 1500 times. Of patients so 
studied, only 1 case of atrial septal defect 
has come to autopsy. The literature has 
revealed no other case report of congenital 


cardiac defect which had both heart 
: catheter studies and autopsy. The follow- 
_ ing case is presented to illustrate the value 


of heart catheterization in diagnosis of 
atrial septal defects. 


Case Report. Mr. T. F.S., a 37 year old 
school teacher, was Case 8 in the series of 
9 atrial septal defects studied by Brannon, 
- Weens and Warren,! who give the complete 
3 case report. In brief, the patient had been 
diagnosed as a case of congenital heart dis- 
i ease with myocardial failure and compensa- 
' tory polycythemia. The right heart cath- 
eterizations revealed that: 1. The oxygen 
a content of the right atrial blood was dis- 
tinctly higher than the superior vena caval 
blood. 


Be and right ventricular blood was the same. 

oe 3. The right ventricular (pulmonary ar- 
tery) pressure was extremely high (140 mm. 
Hg), the maximum normal is 40 mm. Hg. 
sd 4. Pressure in the right atrium was ele- 
vated. 


x 5. Calculated left ventricular output was 
me roughly normal. Right ventricular output 
a was at least twice this. 


These data could have been obtained only 


by heart catheterization. They helped 
9 clarify the diagnosis of atrial septal defect 
ie and made the diagnosis of pulmonary vascu- 
lar hypertension. 
4 Course. After these studies, the patient 


found that.inhalations of oxygen by mask 
improved his comfort only slightly, in spite 
of the fact that blood studies had revealed 
i increased saturation of the arterial blood 
after oxygen inhalation. His course was 


4 2. The oxygen content of the right atrial ° 


= hegs (From the Department of Medicine, Emory University Medical School) 


gradually downhill over the next 8 months. 
Mercurial diuretics were frequently used 
and occasionally venesection was done. 
The edema and polycythemia both increas- 
ed. He was confined to bed almost con- 
stantly. His last hospital admission started 
March 1946. At this time, auricular fibril- 
lation existed. He lost 20 pounds in a 
month of intensive diuresis, but his poly- 
cythemia and hemoconcentration simulta- 
neously increased and he died after a series 
of painful pulmonary infarcts which per- 
sisted over a period of 3 weeks. 

Autopsy. The major anatomic diagnoses 
are listed: 1. Interatrial septal defect, con- 
genital (septum primum defect). 

2. Dilatation and hypertrophy of heart, 
predominantly right-sided, marked (640 gm.) 

3. Dilatation of tricuspid and pulmonic 
orifices, marked. 

4. Separation of cusps of mitral and of 
tricuspid valves. 

5. Fibrosis of mitral and tricuspid valves. 

6. Dilatation of pulmonary artery and 
branches. 

7. Pulmonary arteriosclerosis. 

8. Arteriosclerosis, generalized and coro- 
nary, moderate. 

9. Thrombosis of many branches of pul- 
monary artery, bilateral, with pulmonary 
infarcts, multiple. 

10. Chronic passive congestion of viscera. 

Description of the heart and lungs follows; 
details of other anatomic structures are de- 


leted for brevity. All of the chambers of, 


the heart are enlarged, especially the right 
auricle and right ventricle. The ductus 
arteriosus is not patent. There is a circular 
defect in the lower portion of the interatrial 
septum that is 5 cm. in diameter. The fora- 
men ovale is closed and the limbus fosse 
ovalis is easily seen. The valves measure: 
tricuspid valve 17.5 cm., pulmonic valve 
10 cm., mitral valve 11 em., aortic valve 
6 cm. The cusps of the tricuspid valve are 
thickened, but are smooth except for slight 
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irregularity at their free margins. The 
cusps do not meet at the commissures, leav- 
ing a defect of approximately 0.5 cm. The 
papillary muscles are tremendously enlarged. 
The pulmonic valve shows only slight thick- 


ening of the cusps with some loss of the 
normal translucency. The mitral valve, like 
the tricuspid, is thickened and its commis- 
sures do not meet. The cusps are smooth 
with very slight nodulation. The aortic 


Fic. 2.—The interatrial septal defect lies between the arrows as seen from the right side of the heart. 


4 
of Fic. 1.—The arrow points to the interatrial septal defect as seen from the left side of the heart, 
re: Right Ventricle — 
are 
ght 


valve has a few atheromatous deposits, but 
shows no gross abnormalities. There are 
numerous atheromatous deposits about the 
root of the aorta. The myocardium is firm 
and of a deep red color. The left ventricular 
wall is 2 cm. thick near the coronary sulci 
and tapers towards the apex, measuring 
0.6 cm. at the apex. The right ventricular 
wall averages 1.6 cm. in thickness. The 
wall of the right atrium is thickened and at 
one point measures 1.2 cm. though the 
average thickness is approximately 0.4 cm. 
The coronary vessels are patent, but there 
is moderately severe atherosclerosis. 

There are scattered atheromatous deposits 
throughout the aorta, which seems abnor- 
mally small in relation to the pulmonary 
arteries. 

The surface of the lungs is normal except 
for irregular, dark red areas over the lower 
portion of the left upper lobe and over the 
right middle and lower lobes. 

The pulmonary arteries in the region of 
the hilum are approximately twice their 
normal size. Dissection reveals firmly ad- 
herent blood clots occluding the large branch 
to the lower portion of the left upper lobe 
and the branches to the right lower and 
middle lobes. The veins are not remarkabie. 
The bronchi are red and contain only a small 
amount of secretion. 

The cut surface of the left lung is normal 
except that the lower portion of the left 
upper lobe is dark red and firm. In the 
lateral portion of this area there is a large 
vessel (diameter 0.5 cm.) filled with partially 
organized blood clot. The right lung shows 
similar changes. The large vessels to its 
lower and middle lobes are occluded by 
firmly adherent blood clot. There are red- 
dish firm areas in the lower lobe and the 
middle lobe and the fissure between the 
lower and middle lobes is partially obliterat- 
ed by fibrous adhesion. 

Microscopic lung sections reveal patchy 
edema and slight emphysema in areas of 
lung surrounding the infarcted areas which 
are intensely congested and edematous. 
All vessels are sclerotic, thickened, and 
markedly dilated. In the infarcted areas 
vessels contain organizing thrombi. Fibrous 
and fibrinous pleuritis is present. 


Discussion. The usefulness of right 
heart catheterization in the diagnosis in 
this case was in the demonstration of the 
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increased oxygen saturation of right atrial 
blood as compared to vena caval blood, 
and in the demonstration of the increase 
in right ventricular pressure. In addition, 
pertinent data relative to factors influenc- 
ing ventricular output were obtained. 

Y In only 2 conditions can the right atrial 
blood oxygen saturation exceed the vena 
caval blood oxygen saturation—in inter- 
atrial septal defect, with the flow of oxy- 
genated blood from left to right atrium, 
and in the case of aberrant pulmonary 
veins which empty into the right atrium 
bringing blood of greater oxygen satura- 
tion than that which comes from the vena 
cava. /The latter situation is rarer than 
interatrial septal defect and is not asso- 
ciated with as much cardiac enlargement. 
\Increase in right ventricular pressure 
can be surely demonstrated in no other 
way than by right heart catheterization. 
In itself it suggests pulmonic valve sten- 
osis, pulmonary vascular stenosis or d is- 
ease of the type found here, cor pulmonale 
due to whatever cause, or interventricular 
septal defect. Correlation of the pressure 
reading with the physical and Roentgen 
ray findings is necessary to clarify the 
diagnosis. 

\The right ventricular output in this 
case was shown to be roughly twice that 
of the left ventricle. Yet the right atrial 
pressure was necessarily less than the left, 
since the flow of blood through the atrial 
Septal defect was from left to right. This 
is at variance with the old teaching of 
Starling that the ventricular output rises 
with increase in atrial pressure, and points 
to the necessity of consideration of other 
factors which may influence ventricular 
output. 

The problem of the maintenance of 
cardiac compensation in the management 
of this case was complicated by the pres- 
ence of pulmonary vascular disease and 
pulmonary vascular thrombi. In a con- 
genital cardiac defect such as an inter- 
atrial septal defect, polycythemia may 
develop in a salutory manner, increasing 
the oxygen carrying capacity of the blood 
by increasing the volume of circulating 
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hemoglobin. Up to a certain point, this 
was desirable in this case, but beyond 
this point, increase in the hematocrit 
value tended to increase the viscosity of 
the blood, thereby increasing the load on 
the heart and the tendency to thrombus 
formation in the vessels, particularly in 
such vessels as might be diseased or dam- 
aged, as in the pulmonary circulation. 
Similarly in the use of diuresis to relieve 
edema of the tissues, it was desirable to 
find the point at which mechanical stress 
would be lessened by removal of fluid 
without dehydrating to the point of con- 
centrating the blood, increasing its vis- 
cosity and predisposing to thrombus 
formation. 

The data obtained by right heart cath- 
eterization, namely the increase in ven- 
tricular pressure and the increased satura- 
tion of the arterial blood with oxygen 
inhalation, showed the presence of pul- 
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monary vascular obstruction. This at 
once showed the importance of keeping 
the viscosity of the blood below a point 
tending to thrombus formation. It was 
thought that venesection was more feas- 
ible and less expensive than the continued 
use of heparin and definitely less dangerous 
than the use of dicoumarol.. 

In the final stages of the patient’s ill- 
ness, the elimination of edema and restora- 
tion. of cardiac compensation proved less 
of a problem than the prevention of pul- 
monary thrombi and infarction. The 
terminal events were a series of pulmonary 
infarcts. 

Summary. 1. A case of interatrial sep- 
tal defect and pulmonary vascular disease 
was studied by the method of right heart 
catheterization. 

2. The data obtained are given and 
discussed in the light of autopsy findings. 


REFERENCE 
1. Brannon, E. S., WEENS, H. S., and Warren, J. V.: Am. J. Men. Sctr., 210, 480, 1945. 


> 
L 
L 
1 
r 
t 
- 
d 


As long ago as 1906 Nixon’ wrote: 
“Ever since Beatty gave his inimitable 
description of a case of abdominal aneu- 
rysm simulating stricture of the rectum 
in a man 33 years old, the vagaries of this 
disease have been closely studied and dis- 
cussed; still the malady provides fresh 
combinations of signs and symptoms to 
puzzie and baffle clinicians.” Forty years 
later we still find new and confusing 
syndromes in cases of abdominal aortic 
aneurysm. A tabetic patient, recently 
admitted to this hospital, presented symp- 
toms of abdominal aortic aneurysm with 
scrotal gangrene and was found to have 
occlusion of the inferior mesenteric and 
hypogastric arteries. A search of the 
literature failed to reveal a similar case. 


Case Report. A 66 year old, white, unem- 
ployed clerk was admitted on Aug. 4, 1946, 
complaining of a “burn” of his scrotum 
and perineum following exposure to a heat- 
ing pad. For the preceding 10 years he had 
been disabled because of symptoms of tabes 
dorsalis, first diagnosed in 1937 at another 
hospital. At that time he was found to have: 
staggering gait, positive Romberg sign, 
Argyll Robertson pupils, beginning optic 
atrophy, absent patella and Achilles reflexes, 
and loss of vibratory sensation in both legs. 
Repeated Wassermann tests of blood and 
spinal fluid were positive. Although intra- 
muscular injections of bismuth were given, 
he had, during the last few years, lost 40 
pounds and developed difficulty in voiding, 
constipation and diminution of vision. On 
Aug. 2, 2 days before admission, he applied 
an electric heating pad to his perineum for 
relief of dysuria. He fell asleep, and awoke 
in a few hours with swelling, redness and 
blistering of the perineum. During the next 
24 hours crampy pains began in the lower 
abdomen and back. 


FITTS, WELLS: ANEURYSM OF THE ABDOMINAL AORTA 


A CASE OF FATAL ARTERIAL OCCLUSIONS DUE TO ANEURYSM OF 
THE ABDOMINAL AORTA 


By Wiiui1aM T. Firts, Jr., M.D. 


ASSISTANT INSTRUCTOR IN SURGERY AND HARRISON FELLOW IN SURGICAL RESEARCH 
AND 


Epwin J. Wetts, Jr., M.D. 


INTERN 
PHILADELPHIA, PENNSYLVANIA 


(From the General Surgical Service of the Hospital of the University of Pennsylvania) 


On admission the patient was extremely 
weak and complained of mild, generalized 
abdominal pain. His temperature, pulse 
and respiration were normal. The blood 
pressure was 115/75 in both arms. The 
penis was normal. The scrotum was bluish 
purple, edematous and cool; over its ante- 
rior surface were several small vesicles con- 
taining cloudy fluid. The perineum and 
gluteal regions, and to a lesser extent the 
inner thighs, were erythematous and edema- 
tous. Examination of the eyes revealed 
Argyll Robertson pupils, advanced optic 
atrophy and arteriosclerotic changes. The 
abdomen, except for slight distention, was 
normal. Vibratory and position sense were 
lost in both legs. 

Laboratory Observations. Hemoglobin, 15 
gm.; leukocyte count, 10,500; blood urea 
nitrogen, 55 mg. per 100 cc.; serum protein, 
5.1 gm. per 100 cc. The blood Kolmer and 
Kline tests for syphilis were negative. 

Course in Hospital. On admission he did 
not appear acutely ill. Because of the in- 
flammatory signs, 50,000 units of penicillin 
were given intramuscularly every 4 hours. 
The abdominal pain suggested tabetic crisis, 
and prostigmine was given for symptomatic 
relief. During the 12 hours after admission 
the patient gradually became disoriented. 
Eighteen hours following admission, he sud- 
denly stopped breathing and became pulse- 
less. After artificial respiration, plasma in- 
fusion, and oxygen by nasal catheter, the 
pulse returned and consciousness was slowly 
regained. The blood pressure slowly rose 
to 80/50. In the next few hours definite 
gangrene of the scrotum and perineum de- 


veloped (Fig. 1). The peripheral pulses, 


however, remained palpable in both legs. 
The abdomen became distended, rigid and 
tender. In spite of intravenous fluid therapy 
and continued oxygen, the blood pressure 
gradually fell. Death occurred 26 hours 
after admission. 


i 
. 9 
‘ 
4: 
R 
“ES 
ie: 


FITTS, WELLS: ANEURYSM OF THE ABDOMINAL AORTA 253 


Significant Findings at Autopsy. (No. 46- 
427, performed 4 hours after death by Dr. 
Robert F. Conant.) External genitalia: the 
scrotum and perineum were gangrenous. 
The skin and subcutaneum showed necrosis 
with hemosiderin deposition and cellular 
infiltration. Gastro-intestinal tract: 


descending colon, sigmoid and rectum were 
gangrenous; the bowel wall was necrotic and 
edematous, containing red blood cells, neu- 
trophils and macrophages. Heart: the ante- 
rior wall of the left ventricle was fibrotic 
with severe narrowing of the anterior de- 
scending coronary by atherosclerosis. Aorta: 


Fic. 1.—Serotal gangrene (20 hours after admission). 


Tec 2 


Fic. 2.—Specimen showing the aneurysm of the abdominal aorta. 
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the thoracic aorta showed scattered intimal 
plaques and moderate lymphocytic infiltra- 
tion; the plaques increased in number dis- 
tally with several areas of ulceration and 
subintimal hemorrhage. Just above the 
bifurcation there was a saccular aneurysm 
4x5x3 cm., extending almost to the 
inferior mesenteric artery (Fig. 2). It con- 
tained a laminated thrombus, a small por- 
tion of which was lying free and was occlud- 
ing the ostium of the inferior mesenteric 
artery. A dislodged bit of the thrombus 
had completely occluded the mouth of the 
right’ hypogastric artery. Microscopic ex- 
amination showed that the thrombus in the 
aortic aneurysm was organized and firmly 
bound to the intima. The aneurysmal wall 
was infiltrated with lymphocytes in many 
sections. The media was extensively infil- 
trated with round cells. The lesion was 
regarded as luetic. 


Discussion. Aortic abdominal aneu- 
rysm is infrequent. Osler found only 
16 instances in 18,000 admissions to the 
medical wards of the Johns Hopkins 
Hospital. Records of the Hospital of 
the University of Pennsylvania indicate 
that on surgical wards these cases are 
seen even less frequently: in almost 70,000 
admissions to the surgical service since 
1922, only 5 cases have been definitely 
diagnosed. 

The presenting symptom of patients 
with abdominal aortic aneurysm is almost 
always abdominal pain. We have been 
unable to find a report in which scrotal 
gangrene was the presenting sign. Al- 
though the multiple occlusions of aortic 
branches might be expected to occur fre- 
quently, the complication is rare. A case 
similar to ours, with occlusion of the 
inferior mesenteric and hypogastric arter- 
ies, could not be found in the comprehen- 


sive reviews of Nixon,’ Bryant,' Osler,‘ 
and Kampmeier.2. In most instances of 
abdominal aortic aneurysm, death is due 
to rupture; in this instance death resulted 
from gangrene of the large intestine and 
widespread gangrene of the perineum. 

It is frequently difficult to distinguish 
the pain of tabetic crisis from the pain of 
an abdominal aneurysm complicated by 
dissection of the wall or pressure on adja- 
cent viscera or nerves. It was suspected, 
at the time this patient was admitted, 
that he was suffering from tabetic crisis, 
and that the scrotal findings were mani- 
festations of thermal injury. The progress 
of the disease, especially the development 
of frank gangrene of the scrotum, indi- 
cated, however, that the changes were 
due to circulatory deficiency. It seems 
certain that the burn played little or no 
part in the pathologic process. Occlusion 
of the right hypogastric artery alone 
could not have produced bilateral scrotal 
gangrene. It is thought that gangrene 
of the left side of the scrotum was caused 
by multiple small emboli in the branches 
of the left hypogastric artery, although 
the lesions were not demonstrated at 
autopsy. 

Summary. A rare complication of aortic 
abdominal aneurysm is reported. A 
tabetic, admitted to the hospital for 
scrotal gangrene, developed signs of an 
abdominal: catastrophe and died a few 
hours after admission. Autopsy showed 
a saccular aneurysm of the lower abdom- 
inal aorta. A thrombus in the inferior 
mesenteric artery had produced gangrene 
of the large bowel, while embolic occlu- 
sions of the hypogastric arteries were 
evidently responsible for the scrotal and 
perineal gangrene. 
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A NEW TYPE OF HEREDITARY HEMOLYTIC JAUNDICE WITHOUT 
SPHEROCYTOSIS 


By L. Haven, M.D. 


CHIEF OF THE MEDICAL DIVISION OF THE CLEVELAND CLINIC 
CLEVELAND, OHIO 


(From the Cleveland Clinic) 


\\Tue inherited factor in hereditary hem- 
olytic anemia may be either an abnormal 
shape of the red cell or a qualitative de- 
fect in the stroma. In hereditary sphero- 
cytosis the fault is an anatomic one, the 
spherical shape. Congenital ovalocytosis 
may result in hemolytic anemia. \'The 
increased hemolysis seems due to the fact 
that spherocytes and ovalocytes are re- 
moved by the spleén more readily than 
are normal biconcave disks. \ The increas- 
ed hypotonic fragility of the red cells in 
congenital spherocytosis is directly re- 
lated to the shape of the cell and degree 
of spherocytosis. \Classic examples of con- 
genital hemolytic anemia in which the 
stroma is at fault are sickle cell anemia 
and Mediterranean (Cooley’s) anemia. 
\Here there is excessive hemolysis because 
the cells cannot survive the wear and 
tear to which erythrocytes are normally 
subjected. 

The term, congenital hemolytic icterus, 
or anemia, usually refers to hereditary 
spherocytosis. Ovalocytosis is very rare 
and produces less anemia. \The charac- 
teristic clinical picture in congenital spher- 
ocytosis is chronic jaundice, usually of 
mild degree and often noted from birth, 
anemia and enlarged spleen. \The red cells 
have decrgased diameter, increased thick- 
ness and‘decreased fragility in hypotonic 
salt solutions. The icteric index is in- 
creased, and the reticulocyte percentage 
is increased since the bone marrow tries 
to compensate for the increased loss of 
red cells by forming more erythrocytes. 

For several years I have observed 2 fam- 
ilies which have a characteristic history 
and the clinical findings of hereditary 
spherocytic hemolytic icterus but show no 
spherocytosis. \Here there is no explana- 
tion for the increased hemolysis. In 1 
family the condition has been studied in 


3 generations. In the other the disease 
was found in 2 generations, with a prob- 
able history of the same condition in the 


_ third generation. This type of hemolytic 


anemia seems not to have been previously 
described. The clinical history is identical 
with that of congenital spherocytosis; 
each patient has jaundice, anemia and 
enlarged spleen. All lack the cardinal 
feature of spherocytosis. All affected 
members of 1 family show unusual punc- 
tate basophilia. Splenectomy in the 1 
patient on whom this was tried has not 
been of benefit. In hereditary spherocy- 
tosis the anemia and other symptoms of 
the disease are always relieved by removal 
of the spleen, although spherocytosis of 
the erythrocytes persists. The case histor- 
ies are as follows: 


Family A. Case 1. L. S., aged 25, a 
native American, entered Cleveland Clinic 
on Oct. 23, 1939, complaining of pain in the 
left side of the abdomen. She stated that 
since birth her eyes had been yellow and at 
times her skin was yellow. Two years before 
admission she had begun to have attacks of 
acute pain in the left upper quadrant. The 
pain was paroxysmal and severe, and at 
times a hypodermic injection of morphine 
was required for relief. With the attacks of 
pain the jaundice became more intense. One 
year ago the spleen had been found enlarged. 

The patient’s mother had died at the age 
of 26, 1 month after the birth of a child, 
from a severe anemia which had been diag- 
nosed pernicious anemia. During the preg- 
nancy she had developed a lump (spleen?) 
in the left side, the removal of which was 
recommended. Her eyes were often yellow. 
The patient had 2 children, both boys. She 
had noted that the older boy was jaundiced 
at times but had observed nothing abnormal 
about the other. Both were occasionally 
irritable and listless. The family history 
was otherwise entirely negative. 

On examination the sclere were icteric. 
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The spleen was readily palpable 3 fingers’ 
breadth below the costal margin. The ex- 
amination showed no other abnormality. 
The urine on numerous occasions showed 
no bile, red cells or hemoglobin. Gall blad- 
der Roentgen rays showed no calculi or other 
abnormality. The Wassermann test was 
negative. 

The blood findings are summarized in 
Table 1. There was constantly a macrocytic 
anemia, high reticulocyte count and increas- 
ed icterus index. The hypotonic fragility 
was normal. Spherocytes were absent. No 
hemoglobinemia or spontaneous hemolysis 
on standing was found. The blood picture 
was entirely unlike that of congenital sphero- 
cytosis. 

Course. The patient was kept under ob- 
servation for 2 months. The attacks of 
severe pain continued, so splenectomy was 
done on Jan. 12, 1940. The spleen weighed 
497 gm. The pathologic diagnosis was 
chronic hyperplasia, which is not the charac- 
teristic finding in the spleen in sphero- 
cytic anemia. The patient had some fever 
throughout the hospital stay of 2 weeks. 
Frequent blood examinations (Table 1) 
showed a marked increase in the anemia. 
The reticulocyte count and icterus index 
remained elevated. The macrocytosis of the 
red cells became more marked. This is ex- 
actly the reverse of the usual postoperative 
course in congenital spherocytic anemia after 
splenectomy. The patient died suddenly 
2 days after discharge from the hospital. 
No autopsy was performed. 

Case 2. The older son of Patient 1 was 
5 years old when first seen. The mother 
had noticed that his eyes were sometimes 
yellow when he was irritable and pepless. 
There was no jaundice, and the spleen was 
not palpable at the initial examination. He 
did have an anemia with a high (14%) 
reticulocyte count and a definite hemoglo- 
binemia. He has been seen at intervals for 
7 years with little change in the blood find- 
ings. These are shown in Table 1. The 
plasma always contains free hemoglobin, and 
the red cells hemolyze on standing in a 
hematocrit tube. The red cells tend to be 
macrocytic. On successive examinations the 
spleen has gradually become large and is 
now 3 fingers’ breadth below the costal 
margin but is not tender. The icterus of 
the conjunctive is usually apparent. The 
urine contains a trace of albumin at times. 
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Once a slightly positive test for bile was 
found. 

Casz 3. D.S., a3 year old son of Patient 
1, had had no illness of any kind, and no 
jaundice or other abnormality had ever been 
noted by the mother. The examination 
was entirely negative. The spleen was not 
palpable. The blood (Table 1) on the initial 
examination showed reticulocytosis, a slight 
increase in icterus index, and free hemoglobin 
in the plasma. On 2 other occasions the 
findings were much the same. Two years 
after the original examination there was a 
definite icteric tinge to the sclere, and the 
spleen was 2 fingers’ breadth below the 
costal margin. Again hemoglobinemia was 
detected and there was spontaneous hem- 
olysis in the hematocrit tube. The blood 
findings have remained much the same over 
a 7 year period. The spleen remains en- 
larged. No new symptoms have developed. 
The urine has been negative except for a 
trace of bile on 1 occasion. 

The Donath-Landsteiner test on Patients 
2 and 3 was negative. The washed cells of 
Patient 2, incubated at 37° for 1 hour, 
showed marked hemolysis with his own, 
with brother’s (Patient 2), and with normal 
control sera. Control normal cells showed 
no hemolysis with sera of Patients 2 and 3. 
These tests show that the defect is in the 
patient’s erythrocytes. The sera of Patient 3 
and control treated with N/3 HCl, 0.8% 
lactic acid, and carbon dioxide shows no 


hemolysis with patient’s and control red cells — 


such as is found in nocturnal paroxysmal 
hemoglobinuria. 

Family B. Case 4. M.S., aged 25, was 
first seen on Feb. 26, 1945. Her parents 
were both born in Hungary. The patient 
was born in this country. She had had the 
usual childhood diseases but no serious ill- 
ness. In school she was pale and her eyes 
were yellow. She was told to see a physician 
but did not do so. After the birth of her 
only child, now 4 years old, her physician 
noted the pallor and jaundice and gave her 
injections for several years without improve- 
ment. At her mother’s insistence she was 
sent to a hospital for study in February 1945. 
An enlarged spleen was noted for the first 
time, and hemolytic anemia was diagnosed. 
Her only symptom has been moderate ex- 
haustion. She has noted a marked difference 
in the jaundice from time to time. Her stool 
and urine have never been abnormal. 
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On the initial examination there was defi- 
nite jaundice of sclere and skin. The spleen 
was 3 fingers’ breadth below the costal 
margin. The blood pressure was 115/70. 
There were no other significant findings. 
All laboratory studies except the blood were 
negative. The gall bladder functions nor- 
mally and shows no gall stones. This patient 
has been seen on 5 occasions since the original 
examination. She always has jaundice and 
the spleen is constantly palpable. 

The blood (Table 2) shows a constant 
macrocytic anemia, increased reticulocytes 
and high icterus index. There is never any 
evidence of spherocytosis or hemoglobinemia. 
There is no spontaneous hemolysis. The 
striking feature of the blood is a constant 
high percentage of stippled red cells. Hypo- 
tonic fragility tests are normal. 

The patient’s father had been killed in a 
mine accident many years previously. Her 
mother was living. She had 1 brother and 
2 sisters. These, together with her daughter, 
were examined (Table 2). The husband is 
included as a control. 

Casz 5. R. §., aged 4, a daughter of 
Patient 4, had no complaint of any kind and 
was supposedly well. The relatives had 
noticed some pallor, but she had had no 
illness of any kind. On examination the 
sclere were icteric and the spleen was 3 
fingers’ breadth below the costal margin. 
During the past 18 months she has been 
seen at intervals. The spleen has remained 
enlarged. She had developed normally. The 
blood count has varied. There is a constant 
anemia and usually an elevated icterus 
index. The number of stippled erythrocytes 
and reticulocytes continues high. She has 
never shown a spherocytosis. Hypotonic 
fragility tests are normal. 

Case 6. R.S., the mother of Patient 4, 
was 48 years of age and had had no illness. 
There was no history of jaundice, enlarged 
spleen, or gall bladder trouble in the family. 
She had a yellow tint to the conjunctive. 
The spleen was just palpable. She was obese. 
The examination was otherwise negative. 
The blood (Table 2) showed no anemia but 
an increased number of reticulocytes and an 
abnormal number of cells showing punctate 
basophilia. 

Case 7. B. K., a sister of Patient 4, had 
always been well. She was working at a 
bomber plant when first examined. The 
examination was negative except for pallor 


and a palpable spleen. The condition has 
remained much the same on 3 succeeding 
examinations except that the spleen has 
become larger and the icterus more evident. 

The blood showed an anemia on 2 occa- 
sions and always an increased reticulocyte 
count. There was also an increase in cells 
showing punctate basophilia. There was 
always a high icterus index. There was no 
spontaneous hemolysis and a normal fragility 
test. 

Case 8. J. B., another sister of Patient 4, 
had never had any illness. She had never 
noticed anemia or jaundice. The only posi- 
tive finding on examination was an enlarged 
spleen and definite jaundice. Her blood 
(Table 2) showed a macrocytic anemia and 
reticulocytosis and increased bile content of 
the plasma. Fragility tests were normal. 

Case 9. A. T., a brother of Patient 4, 
is included as a control. He had no history 
of any illness and showed no splenomegaly 
or jaundice. His blood (Table 2) was normal. 


Discussion. It is evident that all these 
patients have a hereditary type of hemo- 
lytic anemia. All show an enlarged spleen, 
anemia, increased reticulocytes and ele- 
vated icterus index. The red cells, how- 
ever, are of normal shape. These tend to 
be macrocytic. There is no spherocytosis, 
and hypotonic fragility is normal. A 
striking feature in 1 family (Family B) is 
the high percentage of stippled cells. 

The defect responsible here for the 
increased destruction of red cells probably 
lies in the stroma of the red cells. The 
presence of free hemoglobin in the plasma 
indicates that hemolysis is taking place in 
the circulating blood. The erythrocytes 
are not simply engulfed and filtered out by 
the spleen as they are in hereditary sphero- 
cytic anemia. The cells may hemolyze 
spontaneously on standing, and washed 
cells undergo hemolysis when mixed with 
normal plasma. 

The macrocytosis noted on numerous 
examinations is characteristic of acquired 
hemolytic jaundice or any hemolytic 
jaundice other than that due to sphero- 
cytosis. There is no evident explanation 
for the marked punctate basophilia. 
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The 1 patient who had a splenectomy 
was not benefited. After a splenectomy 
for hereditary spherocytic jaundice, there 
is a rapid return of the blood to normal, 
the anemia is relieved, the icterus index 
returns to normal, and the reticulocytosis 
disappears. The abnormal shape of the 
red cells, the spherocytosis, persists, how- 
ever, throughout the life of the patient. 
The spherocytes function as well as oxygen 
carriers as do normal biconcave disks. 
In the 1 patient in this series who had a 
splenectomy, the anemia became more 
marked, and the reticulocytosis and high 
icterus index persisted until the death of 
the patient. 


Conclusion. Eight patients in 2 families 
are reported, all of whom have hemolytic 
anemia. 

The disease was observed in 3 genera- 
tions in 1 family and in 2 generations in 
another, so that it appears to be really 
hereditary. 

The red cells are of normal shape but 
tend to be macrocytic and to undergo 
spontaneous hemolysis. Hemoglobinemia 
has frequently been observed. 

Splenectomy in the 1 patient operated 
upon did not alter the disease. 

The condition is probably due to an 
inherited defect in the stroma of the red 
cells. 

This disease seems to be a new type of 
hereditary hemolytic jaundice. 


e 
y 
, 
r 
d 
d 
d 
yf 
y 
y 
l. 
e 
)- 
1, 
A 
iS 
le 
1a 
in 
O- 
Ze 
th 
ad 
ic 
o- 
mn 


THE controversy regarding the imme- 
diate cause of the thrombocytopenia in 
idiopathic thrombocytopenic purpura was 
at first largely speculative, since the early 
proponents of the 2 major hypotheses did 
not have the evidence of actual marrow 
studies on which to base any specific con- 
clusions. In 1915 Frank,’ in an excellent 
review of essential thrombocytopenia, sug- 
gested the possibility that the disease 
might be due to a defect in the megakaryo- 
cytes leading to depression of platelet pro- 
duction. Kaznelson,® on the other hand, 
in 1916 emphasized the normal status of 
the few remaining platelets and the pres- 
ence of giant forms as evidence of the 
adequate functional capacity of the mega- 
karyocytes in this disease, and on this 
basis postulated that the thrombocyto- 
penia was dependent on thrombocytolysis. 
By analogy with the rdle of the spleen in 
familial hemolytic anemia, he attributed 


further supported his views by reporting 
the first case of thrombocytopenic pur- 
pura successfully treated by splenectomy. 
- Dameshek? cites Frank’s later studies** of 
the megakaryocytes published in 1925, in 
which “he noted diminished granularity 
and greatly diminished platelet produc- 
tion from megakaryocytes, together with 
the presence of degenerative changes.” 
Willi!® studied 4 cases of thrombocytopenic 
purpura by sternal puncture, and although 
he apparently was not greatly impressed 
by the degenerative changes in the mega- 
karyocytes, he found very significant the 
depression of platelet formation which he 
observed. In his more severe cases evi- 
dence of platelet formation was entirely 
lacking, while in the presence of mild 
thrombocytopenia it was greatly reduced 


this abnormal function to the spleen. He_ 
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IDIOPATHIC THROMBOCYTOPENIC PURPURA 


A STtuDY OF THREE CASES WITH SPECIAL REFERENCE TO CHANGES IN THE 
MEGAKARYOCYTES 


By ELeanor H. VALENTINE, M.D. 
ASSISTANT PROFESSOR OF MEDICINE 
PHILADELPHIA, PENNSYLVANIA 


(From the Temple University Medical School and Hospital) 


and appeared to be largely confined to 
the promegakaryocytes. Other work- 
ers*:71014.15 have reported abnormalities in 
the megakaryocytes in this disease, but 
these have been largely in the nature of 
degenerative changes. There is fairly 
general agreement that megakaryocytes 
are present in significantly increased 
numbers. 

More recently, Limarzi and Schleicher,’ 
in a study of the bone marrow in idiopathic 
thrombocytopenic purpura, have noted 
the presence of megakaryocytic hyper- 
plasia with an increase in the younger 
forms (the promegakaryocytes), many of 
which were seen to be forming non-granu- 
lar “ pseudoplatelets.’’ Many of the mega- 
karyocytes showed a hyaline cytoplasm 
with absence of azurophilic granules. 
These changes disappeared following splen- 
ectomy. 

On the other hand, Wiseman, Doan and 
Wilson state that sternal marrow studies 
have consistently revealed “normal num- 
bers of normal appearing megakaryocytes” 
in cases of idiopathic thrombocytopenic 
purpura. Others": have taken essen- 
tially the same view. 

In many of these studies the platelet 
forming activity of the megakaryocytes 
both under normal and abnormal condi- 
tions has been largely ignored, and few 
attempts have been made to break these 
cells down according to the degree of 
maturity. Dameshek,? however, has re- 
cently reported detailed studies of the 
megakaryocytes in idiopathic thrombocy- 
topenic purpura. The findings were essen- 
tially as follows: (1) a relative increase 
in megakaryocytes with increased _per- 
centages of younger forms (megakaryo- 
blasts), and decreased numbers of pro- 
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megakaryocytes; (2) morphologic changes 
in the cells, e. g., loss of cytoplasmic granu- 
lation and vacuolization; (3) a marked de- 
crease in the percentage of megakaryocytes 
exhibiting platelet formation; (4) com- 
plete reversal of these changes following 
splenectomy. 

Recently 3 cases of idiopathic thrombo- 
cytopenic purpura have been available 
for study in this hospital. Sternal mar- 
row studies, made before and after splen- 
ectomy in these cases tended to confirm in 
the more important respects the observa- 
tions of Limarzi and Schleicher, and Dame- 
shek. It seemed worthwhile, therefore, in 
spite of this limited number of cases, to 
report these findings. 


Methods and Materials. For this study 
11 cases were selected in which sternal mar- 
row aspiration had been performed and in 
which 1 or more platelet counts were avail- 
able. These cases covered a wide range of 
conditions. In addition, peripheral blood 
and marrow studies were made on 3 cases 
of idiopathic thrombocytopenic purpura 
before and after splenectomy. Platelet 
counts were done in some instances by the 
Fonio method, in others by the method of 
Dameshek, and in others both methods were 
used. All determinations in the 3 cases of 
idiopathic thrombocytopenic purpura were 
performed in duplicate. 

Sternal puncture was performed with the 
Turkel needle in the third or fourth inter- 
space, from 0.2 to 0.3 cc. of marrow juice 
being aspirated. The material obtained 
was spread immediately on clean slides, dried 
rapidly in air, and stained with buffered 
Wright’s stain. 

The marrow preparations were examined 
primarily for study of the megakaryocytes, 
and in each instance at least 100 of these 
cells were classified. The criteria for differ- 
entiation suggested by Dameshek were ad- 
hered to as much as possible in classifying 
megakaryocytes in order that comparable 
results might be obtained. Experience with 
the material at hand, however, seemed to 
indicate that the distribution of megakaryo- 
cytes was not sufficiently uniform to allow 
a reasonably accurate estimate of their rela- 
tive numbers beyond a statement as to 
whether these cells appeared to be increased 
or normal in numbers. 


_ Results. The results of the studies in 

the 11 control cases are given in Table 1. 
It can be seen that promegakaryocytes 
and mature megakaryocytes showing defi- 
nite platelet production constituted the 
majority of the cells. The total percen- 
tage of megakaryocytes showing platelet 
formation varied from 56 to 80% (aver- 
age 68.1%). Megakaryoblasts and lym- 
phoid megakaryocytes were rare. Pro- 
megakaryocytes varied from 11 to 37% 
(average 25.2%) and the majority of these 
exhibited platelet formation. An occa- 
sional polykaryocyte or mitotic figure was 
encountered in these cases. Conditions 
in which unusual numbers of megakaryo- 
cytes are often seen, 7. ¢., 1 of the cases 
of polycythemia vera and 1 of chronic 
myelogenous leukemia, showed significant 
increases in the number of megakaryocytes, 
and 2 of these, R. S. and S. diC., showed 
the highest percentages of platelet forma- 
tion observed, 79 and 80% respectively. 
This was accompanied by increased periph- 
eral platelet counts. Morphologic varia- 
tions, such as loss of granulation and 
vacuolization were rarely observed in this 
material. In all cases, however, naked 
megakaryocytic nuclei were a fairly fre- 
quent finding. Some of these carried at- 
tached masses of platelets. 


Report of Cases. The cases of idiopathic 
thrombocytopenic purpura are of some inter- 
est, the first because of the presence of rather 
well-marked lymphadenopathy and the oc- 
currence of myelocytes in the peripheral 
blood on admission; the second because the 
age of the patient (54) suggested the possi- 
bility of a secondary rather than a primary 
thrombocytopenia. The clinical and labora- 
tory aspects of both cases, however, support- 
ed the diagnosis of the primary disease and 
the presence of inhibition of normal mega- 
karyocytic activity was regarded as a sig- 
nificant factor in both (Table 2). The third — 
case presented no unusual aspects. 

CasE1. R.O’B.,a white male of 16 years, 
entered the hospital May 6, 1946. He had 
had a tendency to extensive bruising with 
slight or no trauma since March 1946. A sore 
throat immediately preceded the onset of 
the above symptoms. His past history was 
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irrelevant. On admission he exhibited gen- 
eralized purpuric manifestations, axillary and 
inguinal adenopathy, and a palpable spleen 
which extended 4 cm. below the costal mar- 
gin. The blood studies were within normal 
limits except for 2% myelocytes and a plate- 
let count of 37,000. No improvement oc- 
curred during 3 weeks of medical treatment, 
and the blood studies did not change sig- 
nificantly except for the disappearance of 
myelocytes. A lymph node removed for 
study showed an inflammatory hyperplasia. 
Sternal aspiration revealed a normal marrow 
except for changes in the megakaryocytes 
which are recorded in Table 2. Splenectomy, 
May 29, 1946, was followed by complete 
remission of the hemorrhagic manifestation, 
and an increase in platelets to a peak of 
1,500,000 on the 4th postoperative day. 
The patient made an uneventful recovery 
and was discharged June 10, 1946. From 
then until December 1946 platelets have 
ranged from 55,000 to 262,000 and there 
has been no recurrence of purpuric manifes- 
tations. 

Case 2. E.S., a 54 year old white Jewish 
housewife, was admitted to the hospital 
June 11, 1946. Four weeks prior to admis- 
sion she had had chills, fever and malaise for 
which she was confined to bed for a few days. 
One week later bleeding gums and sponta- 
neous bruises were noted. There was noth- 
ing of significance in the past medical history. 
Physical examination revealed no positive 
findings other than generalized purpuric 
manifestations. Blood studies were within 
normal limits except for a platelet count of 
17,500. During 4 weeks of medical treat- 
ment there was no significant change in her 
clinical picture or laboratory findings. Splen- 
ectomy was performed July 8, 1946, follow- 
ing which she made an uneventful and rapid 
recovery with complete remission of the 
disease. The platelets numbered 180,000 
48 hours after splenectomy, and had reached 
a level of 703,000 on the 7th operative day 
when she was discharged. The patient re- 
turned for a check-up Oct. 5, 1946. She had 
had a recurrence of purpura which was lim- 
ited to spontaneous ecchymoses of the legs. 
The platelets at this time numbered 156,000. 

Sternal marrow aspirations were performed 
on June 14, July 10 and October 15. Dif- 
ferential counts of the cells were within nor- 
mal limits on all 3 occasions except for the 
changes in the megakaryocytes which are 
given in Table 2. : 


Case 3. S.M., a 32 year old Jewish male, 
was admitted to the hospital Aug. 28, 1946, 
with generalized purpuric manifestations 
which had been present since July 20, 1946. 
Two years prior to the present illness he had 
a similar attack which lasted 2 weeks in 
which purpura was limited to the legs. No 
studies were made at that time. The past 
medical history was negative except for fre- 
quent headaches for which he habitually, 
took aspirin. Physical examination re- 
vealed generalized purpura. The spleen was 
not palpable. The temperature, pulse and 
respiration were normal. Blood studies 
were within normal limits except for a plate- 
let count of 11,000. He was treated medi- 
cally for 2 weeks with temporary clinical 
improvement following which purpura re- 
curred. During this time the platelets ranged 
between 4000 and 15,000. Splenectomy was 
performed Sept. 11, 1946, and was followed 
by prompt cessation of purpuric manifesta- 
tion. The platelets increased to 60,000 in 
5 hours, and a peak of 258,000 was reached 
on the 4th postoperative day. The patient 
made an uneventful recovery and was dis- 
charged Sept. 22, 1946, at which time the 
platelet count was 61,000. He returned for 
a check-up Oct. 4, 1946, 23 days after splen- 
ectomy. He had had no recurrence of 
symptoms and platelets numbered 249,000. 

Sternal aspirations were done on Septem- 
ber 5 and September 14. The differential 
count of marrow cells was within normal 
limits except for changes in the megakaryo- 
cytes. Studies of these cells are reported in 
Table 2. 


The results of the studies on the mega- 
karyocytes in these 3 cases of idiopathic 
thrombocytopenic purpura may be seen 
in Table 2. Preceding splenectomy the 
megakaryocytes were noticeably increased 
in numbers in all 3 cases, and platelet pro- 
duction was sharply reduced (Fig. 1). 
Distribution of the megakaryocytes ac- 
cording to maturity was not significantly 
different from that of the control group 
except for a slight increase in megakaryo- 
blasts in Case 3. Changes in the nucleus 
or cytoplasm regarded as being of a 
degenerative character occurred in ap- 
proximately 5% of the megakaryocytes in 
Case 1, 12% in Case 2, and 3% in Case 3. 
These changes included an occasional cell 
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with agranular cytoplasm, but the major- 
ity showed sparse, fine granulations with 
a ragged periphery, vacuolization, or par- 
tial extrusion and degeneration of the 


karyocytes was seen to be forming non- 
granular platelets (Fig. 1). In Cases 1 
and 3 the megakaryocytes were still in- 
creased in number 48 hours following 


Fig. 1.—Sternal marrow preparations from non-thrombocytopenic cases and idiopathic thrombo- 
cytopenic purpura. A, Mature megakaryocyte from normal marrow showing the usual degree of 
platelet production (X 800). B, Mature megakaryocyte from polycythemia vera showing unusually 


active platelet formation (X 800). C and D, Thrombocytopenic purpura. 


Promegakaryocytes pro- 


ducing non-granular platelets (X 800). EH, Thrombocytopenic purpura. A typical field exhibiting 


marked increase in megakaryocytes. 


None of these cells show platelet formation (X 200). 


F, Throm- 


bocytopenic purpura. Two mature megakaryocytes with vacuolated cytoplasm (x 800). 


nucleus (Fig. 1). Free platelets were seen 
only rarely in the marrow preparations 
and most of these showed abnormalities 
such as agranularity or giant size. In all 
3 cases a significant number of promega- 


splenectomy while in Case 2 they appeared 
to be very sparsely scattered. The de- 
generative changes had largely disap- 
peared and platelet forming activity was 
markedly increased. The number of 
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megakaryocytes forming platelets had in- 
creased from 15 to 70% in Case 1, from 
16 to 83% in Case 2, and from 33 to 58% 
in Case 3. In Case 1 many of the mega- 
karyocytes bore great masses of platelets 
representing in many instances more than 
one-half their cytoplasmic area (Fig. 2) 
and many large clumps of platelets lay 
free in the marrow. The platelet forming 
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above normal levels. It seems probable 
that a later aspiration in Case 2 might 
have revealed more striking activity, since 
the platelets subsequently increased to 
703,000. No significant change in the 
distribution of megakaryocytes was ob- 
served following splenectomy in Cases 1 
and 2. In Case 3 the percentage of mega- 
karyoblasts decreased to normal levels. 


Fic. 
splenectomy (X 800). 
karyocytes showing massive platelet production. 


megakaryocytes showed a marked ten- 
dency to occur in clumps. In Cases 2 and 
3 the large masses of platelets per cell were 
lacking, but the percentage of megakaryo- 
cytes showing active platelet formation 
had increased to normal levels. This 
absence of unusual platelet forming activ- 
ity may be correlated with the fact that 
at the time of the sternal aspiration the 
blood platelets in neither case had risen 
VoL, 214, NO. 3—SEPTEMBER 1947 


10 


2.—Sternal marrow preparations from idiopathic thrombocytopenic purpura 48 hours after 
A, Promegakaryocyte actively producing platelets. B and C, Mature mega- 


Discussion. There seems little doubt 
that when careful and detailed study of 
the megakaryocytes is made definite 
abnormalities in these cells may be ob- 
served in certain cases of idiopathic 
thrombocytopenic purpura. Whether the 
changes are consistently present in all 
cases remains to be determined. There 
appears to be some lack of agreement as 
to the details of these changes, which 
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may in part be due to individual variations 
in technique and interpretation. The ac- 
cumulated observations on the alterations 
which occur in megakaryocytes have 
recently been excellently summarized by 
Dameshek.? His own observations have 
been briefly outlined above. 

The results in the 3 cases of idiopathic 
thrombocytopenic purpura reported herein 
may be summarized as follows: (1) a 
definite increase in the number of mega- 
karyocytes; (2) no essential difference in 
cell distribution when compared to the 
control cases; (3) a striking decrease in 
platelet production when compared to the 
control cases; (4) moderate morphologic 
changes in the megakaryocytes; (5) active 
resumption of platelet production 48 hours 
after splenectomy. 

It is evident that these findings differ 
from those reported by Limarzi and 
Schleicher,’ and Dameshek,? in that no 
significant alteration in cell distribution 
occurred. As was observed by the latter 
in his cases of acute idiopathic thrombo- 
cytopenic purpura, morphologic changes 
in the megakaryocytes were not striking. 
Too much emphasis cannot, therefore, be 
placed upon this feature as a diagnostic 
criterion in the acute form of the disease. 
The change which is the most striking, and 
which appears to be of the greatest sig- 
nificance is the failure of platelet produc- 
tion and the disappearance of this defect 
following splenectomy. 

The inconsistency of the observations 
of changes in the maturation of the mega- 
karyocytes in idiopathic thrombocytopenic 
purpura suggests that a considerable de- 
gree of individual variation may exist in 
the megakaryocytic response to the un- 
known factor which is responsible. The 
studies of various workers?:*-° suggest that 
some form of maturation arrest is present 
which is not borne out by the differential 
counts of megakaryocytes reported above 
in which the cell distribution did not 
deviate from the normal and was not 
appreciably influenced by splenectomy. 
It seems possible, however, that individual 
variations such as these might be explained 
if it is assumed, as was suggested by 
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Minot,’ that the point of interference with 
platelet formation is not primarily with 
cell development but with the budding 
off of platelets from the cytoplasm. Such 
a mechanism might well account for the 
morphologic changes in these cells, sug- 
gesting that rather than using up their 
substance in the formation of platelets, 
the megakaryocytes were growing old and 
degenerating in the marrow without hav- 
ing performed their normal function. 

The observation of these distinctive 
morphologic and functional changes in 
the megakaryocytes in idiopathic throm- 
bocytopenic purpura seems to be of unus- 
ual importance in two respects. It gives 
promise, first, of being an additional sim- 
ple and practicable method for differen- 
tiating between primary and secondary 
purpura, and possibly, as suggested by 
Dameshek,? for predicting the value of 
removal of the spleen in a given case. 

It has also a wider significance in its 
bearing on the controversy regarding the 
mechanism of hypersplenism. It seems 
reasonably certain that the inhibition of 
platelet formation in the marrow could 
not be entirely the result of thrombo- 
cytolytic activity on the part of the spleen. 
Compensatory hyperplasia of the mega- 
karyocytes with an attendant increase in 
younger forms might be explained on this 
basis, but in addition one would expect 
an increase rather than a decrease in 
platelet formation. It seems justified, 
therefore, to regard these findings as evi- 
dence of the hypothesis that idiopathic 


thrombocytopenic purpura is at least in 


part the result of the selective inhibitory 
action on the marrow of some substance 
elaborated by the spleen. 

In support of this theory is the accu- 
mulating evidence®"7 that injections of 
extracts of spleens (thrombocytopen) from 
cases of idiopathic thrombocytopenic 
purpura are capable of inducing tempor- 
ary thrombocytopenia in animals. Fur- 
ther investigation of thrombocytopen is 
necessary before any conclusion regarding 
its nature can be reached. If this sub- 
stance represents an internal secretion of 
the spleen, concentrations of this fraction 


2.84 


‘3 
: 
Be 
te 
I 
~ 
a 
| 
0 


ith 
ith 
ing 
ich 
the 
ug- 
ets, 
and 


tive 

in 

om- 

nus- 

ives 

sim- 

ren- 
jary 
| by 
e of 
1 its 
the 
pems 
n of 
ould 
mbo- 
leen. 
nega- 
se in 
1 this 
xpect 
se in 
tified, 
evi- 
pathic 


ast 


pitory 
stance 


accu- 
yns of 
) from 
openic 
‘mpor- 

Fur- 
pen is 
arding 
is sub- 
tion of 
raction 


VALENTINE: IDIOPATHIC THROMBOCYTOPENIC PURPURA 267 


of normal spleens should be capable of 
producing a similar effect in animals. At ° 
present injection of crude extracts of nor- 
mal spleens apparently does not result in 
thrombocytopenia. 

Consideration of these facts leads one 
to question the soundness of the widely 
accepted theory that idiopathic thrombo- 
cytopenia as an example of selective hyper- 
splenism is due primarily to increased 
platelet destruction by the spleen. 

It is interesting that in all 3 of the cases 
reported above moderate thrombocyto- 
penia recurred following the postsplenec- 
tomy platelet peak, in 1 instance (Case 2) 
with a mild recurrence of purpura. This 
type of reaction has been noted frequently 
by other observers.'6!820 The final suc- 
cess of splenectomy in these 3 cases must 
necessarily depend on continued observa- 
tion, although the experience of others 
justifies an optimistic prognosis. In Case 
3, at least, the mild thrombocytopenia 
observed 23 days following removal of 
the spleen apparently was dependent on 
a depression of the platelet forming activ- 
ity of the megakaryocytes (Table 2). 

This common tendency to temporary 
or even permanent recurrence of thrombo- 
cytopenia following removal of the spleen 
does not lend itself well to simple explana- 
tion. If the view that thrombocytopenia 
is the result of inhibited megakaryocytic 
activity is accepted, one might assume the 


existence of a temporary instability or 
irreversible depression of megakaryocytic 
function which in many cases eventually 
becomes firmly reéstablished at a normal 
level. On the basis of resumed thrombo- 
cytolytic activity a reasonable explanation 
becomes very difficult. It is to be hoped 
that continued investigations of the réle 
of the spleen and the marrow changes in 
idiopathic thrombocytopenic purpura will 
clarify this and other confusing problems 
related to the disease. 

Conclusions. 1. In 11 control cases the 
number of megakaryocytes showing evi- 
dence of platelet production varied from 
56 to 80% with minimal degenerative 
changes. 

2. Three cases of idiopathic thrombo- 
cytopenic purpura showed marked depres- 
sion of platelet forming activity by the 
megakaryocytes and a moderate increase 
in degenerated forms. Forty-eight hours 
after splenectomy platelet production had 
returned to normal levels. 

3. A sharp increase in platelets occurred 
in all 3 cases after removal of the spleen 
reaching a peak within 10 days. This 
was followed by a temporary fall to 
thrombocytopenic levels, in 1 case accom- 
panied by a mild recurrence of purpura. 
In this case moderate thrombocytopenia 
persisted and was apparently dependent 
on mild depression of megakaryocytic 
platelet production. 
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USE OF COLLOIDAL IRON HYDROXIDE FOR THE TREATMENT OF 
HYPOCHROMIC ANEMIA 


NOTES ON INCIDENCE OF GASTRO-INTESTINAL IRRITATION WITH IRON THERAPY 


By Ropert C. Batrerman, M.D. 
Gustav J. Beck, M.D.' 


AND 
GERSON LEssER, M.D. 


NEW YORK, 


NEW YORK 


(From the Department of Therapeutics, New York University, College of Medicine, and the Third 
[New York University] Medical Division, Goldwater Memorial Hospital) 


THE purpose of this report is to present 
an iron preparation for oral administra- 
tion useful in the treatment of hypochro- 
mic anemias. Since it is well accepted 
that iron therapy is essential for hemo- 
globin production, the problem is one of 
selection of a preparation which is not only 
effective, but well tolerated by the patient. 
It is also widely known that the iron salts 
now in use may result in unpleasant side 
reactions which may restrict or hinder 
adequate treatment. Since this is the 
result of the large amount of non-absorbed 
iron remaining in the gastro-intestinal 
tract, if a preparation is available that 
offers the same degree of utilization with 
smaller doses, it would be expected that 
the incidence of irritation would be less. 
Colloidal iron in the form of ferric hydrox- 
ide because of its chemical and physical 
properties seemed to us to offer these 
advantages. 

UTILizaATION OF CoLLomDAL Ferric Hy- 
DROXIDE. The study was divided into 
2 phases. Our first concern was to deter- 
mine the utilization of the iron when ad- 
ministered orally as colloidal ferric hydrox- 
ide.* In a group of 6 patients, character- 
istics of whom are presented in Table 1, 
the rapidity of initial hemoglobin and red 
blood cell response was determined in 
order to calculate the daily percentage of 
iron utilization. These patients were in 
a chronic disease hospital where they had 
been observed previously for several 
months or years, so that their erythropoi- 


etic status and response to iron therapy 
were well known. Hemoglobin determina- 
tions were by the use of the Sahli tech- 
nique and the red blood cell counts were 
determined by standardized red cell pip- 
ettes. Colloidal ferric hydroxide was ad- 
ministered in doses of 75 to 150 mg. 3 times 
daily, between meals, for a period of 10 
days (1 patient was treated for 11 days). 
The blood tests were repeated at 2 day 
intervals during the period of observation. 
The results are summarized in Table 1. 
The daily utilization of iron varied be- 
tween 3 and 27.7% and on the average 
was equivalent to experiences? with fer- 
rous sulfate in doses of 200 to 400 mg. 
3 times daily. 

The value of colloidal iron hydroxide 
for the treatment of hypochromic anemias 
over prolonged periods of time was stud- 
ied in a second group of 6 patients. The 
results are summarized in Table 2. A 
satisfactory response was obtained in 4 
patients. On Patients 5 and 6, an in- ' 
creased amount of the preparation was 
necessary before a hemoglobin rise oc- 
curred. Similar results were obtained 
previously with the use of ferrous sulfate. 
As in the case of ferrous sulfate, the 
maximum rise of hemoglobin and red blood 
cell counts occurred within the first 5 
weeks of therapy. 

GASTRO-INTESTINAL IRRITATION. To 
evaluate the incidence of gastro-intestinal 
irritation resulting from the use of colloidal 
iron hydroxide as compared with ferrous 


* Each tablet contains 75 mg. ferric hydroxide, equivalent to 39 mg. metallic iron. (This is equivalent 
to 107 mg. anhydrous ferrous sulfate.) The preparation was supplied by Crookes Laboratories, Inc. 
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sulfate,* the preparations were adminis- 
tered to a group of 107 patients who had 
been hospitalized for a wide variety of 
medical conditions. None of the patients, 
however, had any gastro-intestinal disease 
which might have influenced the results. 
There was no selection of patient for 
which preparation was given first. Either 


patients were observed with ferrous sul- 
fate. The preparations were administered 
in doses of either 1 to 2 tablets, 3 times 
daily and were given 1 hour after meals. 

The results are summarized in Table 3. 
The usual dose of ferrous sulfate produced 
approximately twice the incidence of gas- 
tro-intestinal irritation as compared with 


TABLE 1.—UTILIZATION oF CoLLoOIDAL Ferric HyDROXIDE FOR THE TREATMENT OF 
HypocHromic ANEMIA 


Zs 
Control 38 = 
g 
= oglobin = 
= Hemoglo' Ss = 
2 3 
6 = & ‘ge 
1 L. 8. 64 Rheumatoid arthritis; 2.9 7.9 54 117 10 3.20 a7. & 27.7 
diabetes mellitus 
2 L. W. 76 Osteoarthritis; essential 3.4 8.4 58 334 10 3.36 9.1 62 3.0 
hypertension 
3 E. D. 30 Rheumatoid arthritis 4.1 7.3 - 50 117 10 4.30 8.5 58 17.1 
4 A. R. 88 Generalized arterioscler- 4.6 10.8 74 334 10 4.50 12.5 86 8.9 
osis 
5 E. B. 70 Pulmonary fibrosis and 4.2 9.0 62 334 10 4.30 10.2 70 5.9 
and emphysema 
6 ie 84 Malignancy of colon; 3.7 9.5 65 117 ll 3.80 11.0 76 23.5 
arteriosclerosis 
Average 14.3 
TABLE 2.—EFFECTIVENESS OF COLLOIDAL FERRIC HypROXIDE FOR THE TREATMENT OF 
HypocHromic ANEMIA 
3 
Control 2 
Hemoglobin 
1 Ww.w 67 Tabes dorsalis 3.76 10.5 72 225 90 4.78 14.0 96.5 
2 A.S 67 gene < nervous system 3.36 8.2 56 225 90 5.03 13.9 96.0 
syphilis 
3 4: B. 69 Tabes dorsalis 2.95 8.9 59 225 90 4.38 11.5 79.0 
4 R. F. 23 Chronic ulcerative colitis 3.72 10.6 73 450 38 4.44 13.0 89.0 
5 M.E.D. 74 Pulmonary fibrosis and em- 3.72 9.9 68 225 21 3.31 9.9 68.0 
physema 3.31 9.9 68 450 22 3.37 9.9 68.0 
3.37 9.9 675 25 3.60 11.0 76.0 
6 B. D. 66 Rheumatoid arthritis 3.58 9.8 67 225 17 3.77 10.3 71.0 
3.77 10.3 71 4 23 3.92 11.3 78.0 
3.68 10.6 73 675 25 3.97 11.5 79.0 


drug was administered for a period of 
10 to 13 days, unless the onset of gastro- 
intestinal upsets prevented further ther- 
apy. After a suitable rest period, usually 
1 week, the other preparation was insti- 
tuted and followed according to the same 


an equivalent dose of colloidal iron hydrox- 
ide. As to be expected, doubling the dose 
resulted in an increased irritation in both 
instances. Not only was the incidence of 
irritation less, but also the severity and 
type of reaction were milder for the col- 


regimen. In this way, 91 patients received ,loidal iron hydroxide (Table 3). Consti- 


the colloidal iron hydroxide, while 106 


* The preparation used was ferrous sulfate exsiccated in 0.2 gm. tablets dispensed under the trade 
name Feosol, manufactured by Smith, Kline & French Laboratories. 
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reaction noted. Vomiting and abdominal 
colic were not noted with the colloidal 
preparation. 

Discussion. Regardless of the type of 
anemia, whether primary or secondary, 
iron therapy is essential for proper restora- 
tion of hemoglobin content. For the pri- 
mary anemias, iron serves as an adjunct. 
Liver therapy in pernicious anemia results 
in a marked increase in red blood cells, 
but unless iron is administered simultane- 
ously, the final result will be a relative 
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forms are utilized and effective'* for 
hemoglobin production as long as absorp- 
tion occurs from the gastro-intestinal 
tract. In the case of the ferric form, it is 
undoubtedly altered to the bivalent iron 
or ferrous state before absorption. Before 
this could occur, the iron must be made 
available as soluble salts by the action of 
the hydrochloric acid of the stomach. 
Absorption takes place mainly in the upper 
portions of the small intestine, particu- 
larly the duodenum and upper jejunum 


TABLE * —INCIDENCE oF GASTRO-INTESTINAL Symptoms WitTH Use or FERRIC 
HYDROXIDE AND FERROUS SULFATE 


Subjects presenting 


Dose in mg. gastro-intestinal symptoms 
administered No. — 
Preparation 3 times daily subjects No. % 
Colloidal ferric hydroxide . . 75 38 3 7.9 
150 53 & 15.1 
Total 91 11 12.0 
Ferrous sulfate . 200 56 10 17.8 
400 50 15 30.0 
Total 106 25 23.6 


TaBLe 4.—TyPe AND INCIDENCE OF GASTRO-INTESTINAL SYMPTOMS FOR COLLOIDAL FERRIC 
HYDROXIDE AND FerRRovUS SULFATE 


Colloidal ferric hydroxide 


Ferrous sulfate 


Subjects Subjects with All Subjects* Subjects with All 

presenting symptoms patients presenting symptoms patients 
Symptoms symptoms (%)° (%) symptoms (%) (%) 
Constipation 7 63 .6 10 38 .4 9.5 
Diarrhea 3 7.2 3.3 7 26.9 6.6 
Nausea 1 9.2 4 15.4 3.8 
Vomiting. a 0 0 0 1 3.8 0.9 
Abdominal colic 0 0 0 4 15.4 3.8 


* One patient presented 2 complaints. 


hemoglobin deficiency. For the hypo- 
chromic anemias which make up 90 to 
95% of all the anemic states, the “ad- 
ministration of suitable preparations and 
adequate amounts of iron is the single, 
most valuable method” for correction of 
the condition. Emphasis on “suitable 
preparations and adequate amounts” pre- 
supposes that iron medication is adminis- 


tered with full knowledge of its pharma-, 


cology. 
It is immaterial whether the iron is in 
the ferrous or ferric state, since both 


and is facilitated by an acid medium. 
Tablets of iron salts that are unduly com- 
pressed or coated defeat the purpose of 
iron medication. There will be insufficient 
time, not only for adequate action of the 
gastric hydrochloric acid to result in solu- 
bility but also for absorption, since the 
tablets, before they have become disinte- 
grated, would have traversed those por- 
tions of the gut essential for absorption. 
It is not an uncommon clinical experience 
to note such intact tablets in the lower 
portions of the small intestine, colon, or 
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even rectum upon roentgenologic exam- 
ination of the abdomen. 

Since all iron preparations may result 
in unpleasant gastro-intestinal symptoms, 
such as nausea, abdominal colic, consti- 
pation, or even diarrhea, they are best 
prescribed in divided doses, preferably 
with or immediately after meals. Those 
preparations which result in good hemo- 
globin restoration with the smallest pre- 
scribed amount are the ones of choice. 
However, there is no fixed dose for all 
patients. The requirement varies from 
patient to patient so that in any particu- 
lar case, exceedingly large doses may be 
necessary. Since the iron utilization of 
any preparation rarely is greater than 
15%, the largest amount of the irritable 
iron salts is unabsorbed and, therefore, 
available to produce gastro-intestinal ir- 
ritation. 

The principles of iron therapy require, 
therefore, a preparation which has: (1) 
an effective hematopoietic response with 
small amounts, 7. e., a high index of 
utilization; (2) a readily available form 
for solubility and for action with gastric 
hydrochloric acid; (3) a low factor of 
irritability by virtue of its chemical nature 
and by the small amounts required for 
good hemoglobin restoration. Iron in the 
form of colloidal ferric hydroxide satisfies 


all of these requirements. Since iron 
hydroxide, combined with protein, is a 
normal constituent of foodstuffs, an added 
advantage is the utilization of a chemical 


substance existing in nature. Being in 


the colloidal state, it is more readily 
soluble in the acid gastric contents than 
the usual iron salts. Its colloidal nature 
offers a greater surface area for chemical 
action with the intestinal contents, thus 
facilitating alteration to the ferrous state. 
Utilization is very satisfactory. In regard 
to gastro-intestinal irritation, results indi- 
cate that the incidence of gastro-intestinal 
symptoms is approximately half that seen 
with ferrous sulfate. The severity of the 
gastro-intestinal irritation is also less and 
its occurrence is more transitory in nature . 
so that the patient could continue the 
medication without complaint. Many 
patients unable to tolerate ferrous sulfate 
have very little difficulty with colloidal 
iron hydroxide. 

Summary. Colloidal iron hydroxide is 
an effective preparation for the treatment — 
of hypochromic anemia. Its daily iron 
utilization, although equivalent to ferrous 
sulfate, is achieved with a smaller dose. 
The incidence and severity of gastro- 
intestinal complaints noted with its use 
are less than with ferrous sulfate. 


The authors are indebted for the valuable assistance of Miss Eleanor Abrams, technician, and Miss 
Gwendolyn M. Newhook, research nurse of the Department of Therapeutics, New York University. 


College of Medicine. 
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STUDIES ON THE ENIGMA OF THE HEMOSTATIC DYSFUNCTION 
OF HEMOPHILIA* 


By ArMAND J. Quick, Px.D., M.D. 


PROFESSOR OF BIOCHEMISTRY, MARQUETTE UNIVERSITY SCHOOL OF MEDICINE, 
MILWAUKEE, WISCONSIN 


With the Technical Assistance of Wiiu1am F. Srapp, B.S.PHArM. 


(From the Department of Biochemistry, Marquette University School of Medicine and 
Milwaukee Children’s Hospital) 


In 1935 the writer with Stanley-Brown 
and Bancroft," using a newly developed 
method for the quantitative determination 
of prothrombin, showed that this clotting 
factor was normal in hemophilia but was 
frequently deficient in jaundice. This 
study which marked the beginning of the 


_application of precise measurement of 


prothrombin in hemorrhagic diseases also 
included simple experimental evidence 
showing that \the defect in hemophilia 
was a deficiency of thromboplastin. This 
was in accord with the conclusions of 
earlier investigators whose experiments 
were essentially qualitative.’ 

If the deficient factor in hemophilia is 
thromboplastin, it becomes important to 
know where and how this factor occurs 
in blood. The earlier investigators, noting 
that fibrin needles appeared at or near 
the locus where platelets disintegrated, 
concluded that these cells furnished the 
activator of prothrombin, namely throm- 
boplastin. \Further support for this view 
was supplied by the fact that the platelets 
in hemophilia agglutinate poorly and dis- 
integrate slowly. \Gradually, however, 
more and more evidence has accumulated 
that the deficient factor in hemophilia 
resides in the plasma rather than in the 
platelets. \ Frank and Hartmann® showed 
that the coagulation time of hemophilic 
blood was restored to normal by the addi- 
tion of plasma of a healthy subject. 


\Patek,"'” Taylor? and their associates 


and Bendien and Creveld! isolated from 
plasma a protein fraction, globulin in 
nature, which when injected into a hemo- 
philic subject brought the clotting time 
to normal. \Howell® in his Carpenter Lec- 


ture also took the view that the plasma 
contains the activator of prothrombin, 
and advocated using the term plasma 
thromboplastin. He suggested that the 
agent was supplied to the plasma by the 
continuous destruction of platelets. \ This 
antihemophilic agent has recently been 
prepared in a highly concentrated form 
from normal plasma by the Boston group 
and it has given effective therapeutic 
results.7 Taylor and his associates re- 
main noncommittal as to the exact func- 
tion of this agent in coagulation by em- 
ploying the term ilic_ globulin. 
Lozner and Taylor,® however, on the basis 
of studies of the influence of various sur- 
faces on the clotting time, concluded that 
the effect of a foreign surface such as glass 
is not due to a lysis of platelet but is the 
result of a physico-chemical alteration of 
a plasma constituent (globulin substance) 
with the formation of an active plasma 
thromboplastin. Earlier Lenggenhager*® 
had proposed a similar theory, namely 
that prothrombokinin (comparable to 
globulin substance) in contact with a 
foreign surface is converted to thrombo- 
kinin which combines with calcium and 
prothrombin to form thrombin. Laggen- 
hager dismissed the platelets entirely as 
having any role in coagulation. 
Recently a number of observations have 
been made which require a reconsidera- 
tion of the platelets. The writer'® showed 
that when oxalated hemophilic plasma 
was highly centrifuged, it clotted much 
more slowly on recalcification than the 
same plasma subjected to a rate of centri- 
fugation which did not remove the plate- 
lets (1200 r.p.m.). Jaques et al.’ employ- 


* This work was supported by a grant from the United States Public Health Service. 
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ing a new water repellant agent, a silicone 
which effectively delays the clotting of 
blood, were able to demonstrate clearly 
that the clotting time in glass of normal 
plasma was affected by the number of 
platelets. Feissly* in his latest publica- 
tions has come to the conclusion that the 
platelets play a major réle in coagulation 
and he postulates that they contain both 
a thermostable and a thermolabile acti- 
vator of prothrombin. 

This state of confusion can be attributed 
in large part to thé lack of quantitative 
studies and to an overemphasis of the 
significance of the clotting time. Brink- 
hous? in a notable study was probably the 
first to use a different quantitative ap- 
proach. He showed that in hemophilia 
prothrombin is converted very slowly to 
thrombin and that this delayed conversion 
can be corrected by adding thromboplas- 
tin. Very recently Chavallier and his 
associates® have also emphasized the high 
concentration of prothrombin remaining 
after hemophilic blood has clotted. In 
the present study, the consumption of 


_ prothrombin in the clotting of normal and 


hemophilic blood has been employed as 
the key and with this means a series of 
findings have been made which serve to 
offer a more concise explanation for the 
defective coagulation observed in hemo- 
philic blood. 

EXPERIMENTAL. A Comparison of the 
Effect of Progressive Dilution of Thrombo- 
plastin on the Prothrombin Time of Normal 
and Hemophilic Plasma. Blood was col- 
lected in syringes coated with silicone* 
and transferred to test tubes also treated 
with silicone and immered in an ice bath. 
By means of high centrifugation, a plasma 
was obtained which remained fluid in the 
silicone treated container for several hours. 
This native plasma obtained from both 
normal and hemophilic subjects was used 
to test the effect of decreasing concentra- 
tions of thromboplastin. The results are 
recorded in Table 1. 

From these findings one can conclude 
that hemophilic plasma reacts with throm- 


boplastin as readily as does normal 
plasma; or in other words, the prothrom- 
bin of hemophilic blood is converted to 
thrombin as readily as that of normal 
blood. The results are contrary to the 
theory that hemophilic blood contains an 
antithromboplastic agent. The slightly 
shorter prothrombin time of normal as 
compared to hemophilic plasma at high 
dilutions of thromboplastin can be ac- 
counted for by the fact that the former 
contains a certain amount of plasma 
thromboplastin which augments the action 
of the added agent. 

The Thromboplastin Content of Platelets. 
Sixty cc. of rabbit blood were mixed im- 
mediately after withdrawal with an equal 
volume of ice cold 10% sodium citrate. 
The blood was centrifuged for 10 minutes 
at 800 r.p.m. The plasma obtained was 
again centrifuged for 10 minutes at the 
same speed to remove the remaining eryth- 
rocytes. The supernatant plasma was 
then centrifuged at 3000 r.p.m. for 1 hour. 
The packed platelets were ground with 
1 ec. of 0.85% sodium chloride solution 
and incubated at 50° C. for 20 minutes. 
The thromboplastin content is indicated 
by the following experiment: 


Oxalated human plasma..__.._ ce. 
Platelet extract 
Calcium chloride 0.02 M 
Clotting time. . . 80sec. 
Oxalated human 
Saline solution. 
Calcium chloride 0. 02 M 
Clotting time . . 100 sec. 


\ These results suggest that the thrombo- 
plastin supplied by the platelet extract is 
very small. It is probable that even this 
minute amount may have been an impur- 
ity rather than an actual product of the 
platelets themselves. 

The Consumption of Prothrombin in the 
Coagulation of Normal and Hemophilic 
Blood. In order to study the change in 
the concentration of prothrombin during 
coagulation, the following test was devel- 
oped: 

Two cc. of blood are transferred to a 


* Mr. J. S. Hurley, Jr., of the General Electric Company kindly supplied the material used in this 
research. The compound which is methyl-chloro-silane is commercially known as Dri-Film No. 9987. 
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small pyrex test tube (100 x 13 mm.) and 
placed in a water bath kept at 37° C. 
One hour after a solid clot is formed, the 
tube is centrifuged to separate the serum. 
To a mixture of 0.1 cc. of thromboplastin 
and 0.1 cc. of fibrinogen solution, 0.1 ce. 
of the serum is quickly added by blowing 
from a pipette, and the coagulation ac- 
curately timed. The prothrombin is again 
determined 3 and 24 hours after coagula- 
tion, The test for the 1 hour serum is not 
always entirely accurate since a variable 
quantity of free thrombin may be present 
which in 2 or 3 hours is converted to 
inactive metathrombin. 
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From the results in Table 2, it can be 
concluded that the amount of prothrombin 
used up in the clotting of hemophilic blood 
is so small that it cannot be satisfactorily 
measured. It should be noted that the 
concentration of prothrombin even after 
24 hours is essentially unchanged. \In 
marked contrast, approximately 80 to 85 % 
of the prothrombin is converted to throm- 
bin within 1 hour after the coagulation 
of normal blood. It is very likely that 
almost all of this conversion occurs during 
the period of active coagulation, 7. e., 
within the first 10 minutes, but since much 
free thrombin is present, a satisfactory 


TaBLe 1.—TuHE INFLUENCE OF THE CONCENTRATION OF THROMBOPLASTIN ON THE PROTHROMBIN 
oF NaTIvE HEMOPHILIC AND OF NoRMAL PLASMA 


Prothrombin time* 
Concentration of 


thromboplastin Hemophilic Normal 
(%) plasma plasma 
(sec.) (sec.) 

12 

50. 14 

20. 17 

18 


Prothrombin time* 


Concentration of ~ 
thromboplastin Hemophilic Normal 
(%) plasma plasma 
(sec.) (sec.) 
5 24 25 
. 69 63 
0 . 3600 120 


* One-tenth cc. of native plasma was mixed with 0.1 cc. of saline solution and 0.1 cc. of thrombo- 


plastin quickly added. 


Dehydrated rabbit brain (200 mg.) was mixed with 5 cc. of saline solution and incubated at 50° C. 
for 20 minutes. For preparing the dilutions, the supernatant liquid was used. 


The thromboplastin is prepared from 
rabbit brain dehydrated with acetone 
according to the author’s method. Unless 
the preparation yields a prothrombin 
time of 12 seconds for fresh human oxa- 
lated plasma, it is not suitable for the test. 

The fibrinogen solution is prepared from 
citrated rabbit* plasma, which is first 
treated with aluminum hydroxide to re- 
move prothrombin (component B). One 
volume of the treated plasma is mixed 
with 1.2 volumes of saturated sodium 
chloride solution in a conical centrifuge 
tube. The fibrinogen which is salted out 
is centrifuged off and packed into a small 
volume. The tube is rinsed with distilled 
water and the fibrinogen dissolved in 
0.3 % sodium chloride solution and brought 
to the same volume as that of the original 
plasma. 


determination is not possible. Little pro- 
thrombin is consumed after the Ist hour. 
It is rather surprising that a considerable 
quantity of prothrombin, often 10% or 
more, remains unchanged in the clotting 
of normal blood. There seems to be con- 
siderable variation in the prothrombin 
consumption of normal subjects but the 
cause is entirely unknown. 

The Effect of Added Normal Plasma and 
of Thromboplastin on the Prothrombin Con- 
version of Hemophilic Blood. In order to 
determine whether normal plasma or 
thromboplastin in the form of a rabbit 
brain extract when added to hemophilic 
blood would increase the consumption of 
prothrombin, the experiments summarized 
in Tables 3 and 4 were undertaken. 

It is obvious that both plasma and 
thromboplastin increase the amount of 


* More recent observations suggest that human fibrinogen may yield somewhat more reliable results. 
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prothrombin used up in coagulation and it 
is logical to assume that both contain 
the specific activator of prothrombin. 


\, Since thromboplastin injected intrave- 


nously causes intravascular clotting, while 
plasma by the same route does not, it 
seems certain that the agent in plasma is 
different for the substance found in tissue 
extracts. \In the latter, the activator is 
free and immediately reactive, whereas in 
plasma it is inactive as will be shown by 
subsequent data. 


sure the coagulation time is also reduced 
to normal, but it is much more probable 
that the greater conversion of prothrom- 
bin is responsible for the normal hemo- 
static response that permitted for instance 
a major operation without any abnormal 
bleeding. Similar findings were made in 
a patient given plasma for a tooth extrac- 
tion. Apparently when the thrombo- 
plastic agent, or perhaps more correctly, 
the thromboplastin precursor is supplied 
by a transfusion, it is only gradually used 


TABLE 2.—COMPARISON OF THE PROTHROMBIN CONSUMPTION IN THE COAGULATION OF NORMAL 
AND OF HEMOPHILIC BLoopD 


Lee White 
coagulation 
time 
(min.) 
Normal 
8 
9 
Hemophilic I . 25 
=. 65 


* After a solid clot formed. 


Prothrombin time of serum 


1 hr.* 3 hrs.* 24 hrs.* 
(sec.) (sec.) (sec.) 
27 (19) 33 (13) 40 (9) 
30 (15) 34 (13) 34 (13) 
32 (14) 32 (14) 37 (11) 


103 (100) 11 (100) 104 (100) 
10 (100) 10 (100) 114 (100) 
11 (100) 104 (100) 11 (100) 


The figures in parenthesis are the approximate prothrombin concentrations in % of normal. 


TABLE 3.—CHANGES IN THE PROTHROMBIN CONSUMPTION IN THE COAGULATION OF HEMOPHILIC 
BLoop AFTER THE IN VITRO ADDITION OF NORMAL PLASMA AND OF THROMBOPLASTIN 


Hemophilic blood 2 

Normal plasma ec. 

Thromboplastin ee. 

Coagulation time ne 1680 

Prothrombin time lhr. sec. . . . 10(100) 
“ ... hie 
“ . . . WAG 


2 2 2 2 2 
0.02 0.05 0.1 

0.04 0.2 
300 270 270 30 17 


12$(80) 133(60) 15(50) 19(30) 34(13) 
123(80) 14 (55) 17(40) 19(30) 35(13) 
12$(80) 14 (55) 18(35) 19(30) 33(13) 


The figures in parenthesis are the approximate prothrombin concentrations in % of normal. 


TaBLe 4.—THe Errect oF INTRAVENOUSLY ADMINISTERED LyYoPpHILE HUMAN PLASMA ON THE 
PROTHROMBIN UTILIZATION IN THE COAGULATION OF HEMOPHILIC BLooD 


Lee White Prothrombin time of serum 
coagulation 
time lhr. 3hrs. 24 hrs. 
(min.) (sec.) (sec.)  (sec.) 
Before transfusion 60 93 10 ll 
After injecting 250 cc. of plasma* . . . . . 9 19 24 
2 hours after the injection of 250 cc. additional . . 8 18} 27 
After 24 hrs. 94 17 23 
After 72 hrs. 25 14 ne 154 


* After 250 cc. of plasma had been injected, a tenotomy operation for lengthening the heel cord . 
was performed by Dr. Walter Blount. No abnormal bleeding was encountered. The wound was 
dressed and the leg put in a plaster cast. Healing was normal. Bleeding was encountered when the 
stitches were removed 2 weeks after the operation, but it was controllable by local measures. 


\ot great significance is the fact that a 
plasma transfusion causes a sustained im- 
provement in coagulation as measured by 
the prothrombin consumption test. To be 


up and therefore this treatment gives the 
patient a period of safety which is not un- 
like that of injecting fibrinogen in the form 
of plasma in afibrinogenemia, or prothrom- 
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bin in congenital hypoprothrombinemia. 
\In all 3 conditions a quantitative lack of 

a basic factor needed in coagulation exists 

which can be temporarily corrected. 

The Influence of Platelets on the Conver- 
sion of Prothrombin to Thrombin. By 
coating the syringe and needle with sili- 
cone, blood can be withdrawn without 
causing more than a slight or negligible 
disintegration of platelets. On transfer- 
ring the blood to a test tube (likewise 
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Obviously the removal of platelets 
markedly reduces the conversion of pro- 
thrombin. Thus, only a small amount 
of prothrombin was consumed in 3 hours 
as seen in Table 4. Even after 24 hours 
the loss of prothrombin is relatively little. 
In marked contrast the plasma in which 
the platelets were retained, clotted faster 
and the prothrombin was much more re- 
duced even during the Ist hour. It is 
highly probable that with a highly refined 


TABLE 5.—TuHE INFLUENCE OF PLATELETS ON THE CONSUMPTION OF PROTHROMBIN DURING 
THE COAGULATION OF NoRMAL HuMAN PLASMA 


Coagulation 


Prothrombin time of serum 


1 hr. 3 hrs. 24 hrs. 

(sec.) (sec.) (sec.) 
10 (100) 11 (100) 13 (70) 
25 (20) 25 (20) 24 (20) 
10 (100) 104 (100) 11 (100) 
24 (20) 25 (20) 27 (19) 


time§ 
(min.) 
Plasma I:* 
Highly centrifuged} . . . 10 
Slowly centrifugedt . . . 6 
Plasma II:* 
Highly centrifugedt . . . 24 
Slowly centrifugedt . .. 7 
* Both bloods had a coagulation time of 7 minutes by the Lee White method. 
+ 4000 r.p.m. 
t 1200 r.p.m. 


§ The coagulation time of plasma was determined by using complete opacity as the end point. 
The figures in parenthesis are the approximate concentrations of prothrombin in per cent of normal. 


TABLE 6.—THE EFFECT OF PLATELETS ON THE CONVERSION OF PROTHROMBIN TO THROMBIN 
In Mixtures oF HEMOPHILIC AND NoRMAL PLASMAS 


No. Mixtures 


1. Hemophilic plasma (high centrifugation) 
Normal plasma (high centrifugation) 

2. Hemophilic plasma (slow centrifugation) 
Normal plasma (high centrifugation) 

3. Hemophilic plasma (slow centrifugation) 
Normal plasma (slow centrifugation) 

4. Hemophilic plasma (high centrifugation) 
Normal plasma (slow centrifugation) 

5. Normal plasma (high centrifugation) 

6. Normal plasma (slow centrifugation) 


coum 


Lee White Prothrombin time of serum 
coagulation 
time 1 hr. 3 hrs. 24 hrs. 
(min.) (sec.) (sec.) (sec.) 
ce. 
ce. 10 9 11 13 
ec. 
ce. 4} 11 14 163 
ce, 
ee. 4 14 16} 19 
cc. 
ce. 4 12 15 15} 
ec. 10 103 ll 12} 
cc. 6 26 26 30 


For high centrifugation the angle centrifuge was employed at a speed of 4000 r.p.m.; for slow speed 


a standard centrifuge at 1200 r.p.m. was used. 


coated with silicone) and centrifuging it 
at a relatively high speed (7 minutes in an 


_ angle centrifuge at 3500 r.p.m.) a plasma 


is obtainable which contains very few. 
platelets. \Such a plasma definitely clots 


slower than one obtained by slow centri- 
fugation and exhibits no clot retraction. 
A comparison of the prothrombin con- 
sumption during coagulation of plasma 
with and without platelets is given in 


Table 5. 


technique which would enable one to 
remove all the platelets before any 
disintegration occurred, an incoagulable 
plasma could be obtained; but even with 
the present relatively platelet-free plasma, 
the defective coagulation is striking. 
Nevertheless, this platelet-free plasma, 
when added to hemophilic blood, supplies 
the missing coagulant which is presumably 
thromboplastin. \This suggests that the 
thromboplastin factor is not free in plasma, 
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but appears to be activated by the dis- 
integration of platelets. 

To test this hypothesis further, the 
changes in prothrombin were studied using 
various mixtures of hemophilic and nor- 
mal plasmas which were allowed to clot. 
A typical finding is recorded in Table 6. 

\A study of these results shows clearly 
that platelets are necessary for the con- 
version of prothrombin to thrombin. \The 
addition of normal platelet-free plasma 
to hemophilic plasma likewise deprived 
of platelets (Mixture 1) did not improve 
coagulation as measured by prothrombin 
conversion. \'The presence of platelets 
whether from hemophilic plasma (Mix- 
ture 2) or from the normal plasma (Mix- 
ture 4) brought about better cogulation 
and a greater consumption of prothrombin. 

\This can be considered to be fairly clear- 
cut evidence that hemophilic platelets are 
equally as active as those of normal blood. 

\Since hemophilic blood lacks thrombo- 
plastin, the activity of hemophilic plate- 
lets cannot be due to their thromboplastin 
content, but due to an action that they 
exert on some agent present in normal 
blood which can be postulated to be the 
precursor of thromboplastin. 

Observations on the Coagulation Time of 
Hemophilic Blood. \It has been observed 
by various investigators that the actual 
process of coagulation of hemophilic blood, 
i.e., from the incipient appearance of 
fibrin to the complete conversion of 
fibrinogen covers a long period of time, in 
contrast to the exceedingly rapid comple- 
tion of coagulation of normal blood once 
itis begun. This can be effectively demon- 
strated by placing a glass rod coated with 
collodion, which has an affinity for fibrin, 
in a test tube containing 1 cc. of hemo- 
philic blood. By carefully withdrawing 
the rod at fixed intervals of time, the 
beginning of coagulation can be detected 
by a minute thread of fibrin adhering to 
the rod. As an example, a hemophilic 
blood thus tested showed a fibrin thread 
in 10 minutes yet required 2 hours and 
20 minutes before a solid clot formed. But 
even a solid clot is not a reliable measure 


of complete coagulation. Thus, in a hemo- 
philic blood which gave a solid clot in 
45 minutes, unchanged fibrinogen could 
be demonstrated in the serum for over 
1 hour more. 

The striking effect of a minute quan- 
tity of thromboplastin on the coagulation 
time is illustrated by the following experi- 
ment. To 1 cc. of hemophilic blood, which 
had a coagulation time of 2 hours and 
15 minutes, was added 0.1 ec. of thrombo- 
plastin (an emulsion made by mixing 
200 mg. dehydrated rabbit brain with 5 ce. 
saline solution) diluted 1 to 1000 with 
saline. The coagulation time was reduced 
to 5 minutes. Thus, the addition of 0.1 ce. 
of highly diluted thromboplastin which 
contained only 2.5 gammas of solid mate- 
rial in solution, of which the greater part _ 
was inert, reduced the coagulation time 
to normal. No detectable conversion of 
prothrombin, however, occurred. This 
finding can readily be explained. \ The 
addition of even a minute amount of 
thromboplastin produces an equivalent 
quantity of thrombin, which being an 
enzyme, converts fibrinogen slowly but 
continuously to fibrin, so that in spite of 
its minuteness in amount, it coagulates 
enough fibrinogen in a few minutes to form 
a solid mass. 

Discussion. In the experiments pre- 
sented in this study, it should be noted 
that nearly all observations were made 
on blood or plasma that had been little 
altered by external factors. Every at- 
tempt was made to preserve the delicate 
physico-chemical balance of the blood. 
By exceedingly simple means a number of 
significant observations on the. behavior 
of hemophilic blood were made. 
\Fundamentally, the defective hemosta- 
sis of hemophilia is due to a lack of avail- 
able thromboplastin in the blood. NThe 
prothrombin is normal both quantitatively 
and qualitatively. As shown in Table 1, 
the activity of hemophilic prothrombin is 
equal to that of normal blood. e to the 
lack of thromboplastin in hemophilic 
blood, very little prothrombin becomes 
converted in thrombin. It is not as Brink- 
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hous’ concluded, a slow conversion of pro- 
thrombin to thrombin, but a quantitative 
lack of conversion. 

There is good evidence that the reaction, 
prothrombin + thromboplastin + calcium 
= thrombin, is stoichiometric (Mertz, 
Seegers and \\From the present 
data one can conclude that normal plasma 
contains enough available thromboplastin 
to convert 80 to 90% of the prothrombin 
to thrombin. \ By giving a hemophilic pa- 
tient a plasma transfusion, sufficient 
thromboplastin can be supplied to main- 
tain effective hemostasis for 24 to 48 hours, 
as seen in Table 4. The loss of adequate 
hemostasis runs parallel with the lack of 
prothrombin conversion as measured by 
the new test described. Apparently a 
certain amount of thrombin must become 
available promptly if satisfactory stanch- 
ing is to be achieved. Fortunately normal 
blood contains an excess of both prothrom- 
bin and thromboplastin. A decrease of 
either agent leads to the same end result, 
namely, a deficiency of thrombin. \In the 
case of prothrombin, a decrease to 20 to 
30% of normal brings the blood into the 
potential hemorrhagic zone. Although 
the present studies can be considered to 
be fairly quantitative, more data will be 
necessary before the danger level of throm- 
boplastin can be defined. \t should be 
emphasized that the determination of the 
consumption of prothrombin offers the 
first promising means for assaying the 
thromboplastic activity of blood. 

\The coagulation time, as becomes obvi- 
ous from the above discussion, is of limited 
value as a measure of hemostatic effective- 
ness. \It is well known that a normal 
coagulation time is not uncommonly ob- 
tained even when the prothrombin is 
reduced below the hemorrhagic level. \ In 
the case of hemophilia the coagulation 
time is a somewhat better guide, but un- 
fortunately even in this condition a 
temporary reduction of the clotting time 
to normal (carefully determined by the 
Lee White procedure) does not necessarily 
assure good hemostasis. \As pointed out 
before, an extremely small quantity of 
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thromboplastin will cause the formation 
of sufficient thrombin to convert a large 
amount of fibrinogen to fibrin in a test 
tube. The same amount of thrombin 
in vivo would be quickly dissipated by 
dilution and inactivation. Assuredly, 
much greater caution must be exercised 
in interpreting the clinical significance of 
hyper- and hypocoagulability than has 
been done heretofore. \Surprisingly, the 
coagulation time when carefully deter- 
mined may remain remarkably constant 
in a hemophilic for a long period of time. 
The writer has studied continuously 3 
hemophilic subjects from 3 to 17 months. 
In 1 the coagulation time has varied with 
few exceptions from 2 hours to 2 hours 
and 20 minutes, in the second from 25 to 
35 minutes, and in the third from 45 to 
65 minutes. Although these differences 
appear striking, all 3 suffered about the 
same number of bleeding episodes in a 
comparable period of time. In none is 
sufficient prothrombin consumed to allow 
an estimation of the amount. 

NThe results obtained in the present 
investigation clearly show that the plate- 
lets are essential for coagulation since they 
appear to be required for the activation 
of the thromboplastin which is present in 
the plasma in an inactive form. Lenggen- 
hager® who has likewise postulated the 
presence of an inactive precursor in plasma 


has named it prothrombokinin. Since 


the name of the activator of prothrombin 
now generally accepted is thromboplastin, 
the term for the precursor should prefer- 
ably be either prothromboplastin or throm- 
boplastinogen, and of these the latter term 
is more desirable because it is more eu- 
phonious. From the results recorded in 
Tables 5 and 6, one can conclude that the 
platelets are responsible for the activation 
of the thromboplastinogen. It appears 
that platelets on disintegration liberate 
an enzyme which acts specifically on this 
precursor of thromboplastin. \Hemophilic 
platelets would thus be normal in function, 
but have no thromboplastinogen to con- 
vert. As soon as this material is supplied 
by a transfusion of normal plasma, the 
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hemophilic platelets react, and fairly nor- 
mal coagulation is established. 

The agglutination and disintegration of 
platelets appear to be contingent upon 
the formation of thrombin. Pinniger and 
Prunty® have observed that progressive 
alterations of platelets occurred in afibrin- 
ogenemic blood soon after it came in con- 
tact with glass. Pinniger’ has further 
found that thrombin is formed in such 
blood. NApparently therefore the agglu- 
tination of platelets is independent of 
fibrin. In hemophilic blood in which the 
production of thrombin is very minute, 
the platelets remain unaltered. This sug- 
gests that the production of thrombin is 
related to platelet disintegration and it 
may well be that the following chain 
reaction is set up:\formation of thrombin 
brings about the disintegration of plate- 
lets which in turn makes more thrombo- 
plastin available to form more thrombin. 
The coagulation of normal blood charac- 
terized by a latent period followed by a 
rapid conversion of fibrinogen to fibrin 
strongly suggests such a chain reaction. 

From the foregoing discussion one can 
postulate that 3 essential steps occur in 
the coagulation of blood: 


1. Thromboplastinogen + platelet 
enzyme — thromboplastin. 


2. Prothrombin + thromboplastin 
+ calcium — thrombin. 


3. Fibrinogen + thrombin — fibrin. 


Two of the reactions are presumably en- 
zymatic while one is stoichiometric. The 
process undoubtedly is more complex than 
indicated by these skeleton equations. 


As already intimated, the action of plate- 
lets requires further study to determine 
their exact mode of action. It is probably 
that clotting in response to injury is often 
initiated by the entrance of tissue juice 
into the blood, but the effective comple- 
tion entails the disintegration of platelets 
and the conversion of the thromboplastin 
precursor to the active form. The activa- 
tion of prothrombin is complicated by 
the fact that apparently this factor con- 
sists of 2 components.!® Even the réle 
of calcium is not understood.” In hemo- 
philia the defect is in the second step, 
namely insufficient available thrombo- 
plastin in the blood to form an adequate 
amount of thrombin. The enigma why 
this deficiency occurs remains unsolved. 

Summary. Evidence has been present- 
ed to show that the hemostatic dysfunction 
in hemophilia is due to a lack of available 
thromboplastin in the blood. This causes 
an insufficient production of thrombin as 
shown by the fact that very little pro- 
thrombin is consumed in the coagulation 
of hemophilic blood. 

Results have been obtained that indi- 
cate that the thromboplastin of normal 
blood is present in the plasma in an inac- 
tive form, designated as thromboplastino- 
gen, which is changed to active thrombo- 
plastin by the action of substances from 
the platelets. 

The limitations of the coagulation time 
as an indicator of hemostatic efficiency 
are discussed. 

The coagulation is described as consist- 
ing of 3 fundamental steps: (1) the acti- 
vation of thromboplastinogen, (2) the 
formation of thrombin and (3) the conver- 
sion of fibrinogen to fibrin. 
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In previous work® it was found that 
certain amino acid preparations obtained 
by the hydrolysis of casein, when admin- 
istered intravenously to human subjects, 
produced a depression in voluntary food 
intake, whereas a mixture of the 10 “es- 
sential” amino acids did not cause a reduc- 
tion in the appetite. Also, during the 
course of that study, it was observed that 
if the casein hydrolysates here adminis- 
tered at relatively rapid rates, nausea and 
vomiting were likely to occur. The 
observations which form the basis for this 
report were made in an attempt to deter- 
mine the contributing factors responsible 
for these undesirable effects. 

It has been reported?*.? that the addi- 
tion of either glutamic or aspartic acid to 
known amino acid mixtures, when given 
intravenously to dogs, greatly reduced 
the tolerance of these mixtures. Because 
the mixture of amino acids developed by 
Madden and Clay® and: designated by 
them as “VUJ’’™* failed to produce ano- 
rexia, nausea and vomiting the likelihood 
of other amino acids being responsible 
was evident. It was decided to determine 
whether the dicarboxylic amino acids 
would produce nausea or vomiting when 
administered intravenously to human sub- 
jects. 

A test dose of 0.82 gm. of 1-glutamic 
acid (Merck) dissolved in 500 cc. of an 
8% solution of “VUJ” mixture was ad- 
ministered to the first 3 subjects in these 
investigations. In subsequent studies 
with other subjects, the amount of glu- 


tamic acid was increased to 8.2 gm. dis- 
solved in either 500 cc. of an 8% solution 
of “VUJ” mixture or in water. In all 
instances the glutamic acid was partially 
neutralized with sodium bicarbonate to 
bring the pH of the mixture approximately 
to that of the original “VUJ” mixture. 
The material was steam sterilized before 
administration. 

From calculations based on the nitrogen 
content of the “VUJ” it was concluded 
that 1500 cc. of “VUJ” solution (3 bot- 
tles) was equivalent to about 100 gm. of 
protein. Since casein contains approxi- 
mately 24.6 gm. %.glutamic acid,’ the 
amino acids derived from 100 gm. of 
casein would contain about 24.6 gm. of 
glutamic acid. The dose of 8.2 gm. of 
glutamic acid per 500 cc. of 8% of “VUJ” 
mixture is the amount of glutamic acid 
which would be present in the amino acid 
mixture “VUJ,” if it were derived from 
casein. 

dl-Aspartic acid (Merck) was adminis- 
tered to all the subjects in these experi- 
ments at a concentration of 2.1 gm. per 
500 cc. of 8% “VU” mixture. This 
amount was likewise based on the esti- 
mate that casein contains 6.3% aspartic 
acid.! All samples were steam sterilized 
before administration. No attempt was 
made to neutralize the small amount of 
aspartic acid which was added to the 
“VUJ” mixture. 

The subjects used in this study were 
ward patients and .were chosen on the 
basis of their willingness to codperate; 


* The amino acid mixture ‘‘VUJ” contains the 10 essential amino acids plus glycine and 50% of its 
amino acids are in racemic form. This mixture was supplied through the courtesy of Merck and Com- 


pany, Inc., Rahway, N. J. 


= 
. 


9 


only those individuals with good veins 
were selected. During the course of this 
work some subjects whose voluntary food 
consumption was being estimated received 
3 infusions of the supplemented “VUJ” 
solution per day for 3 days, while the 
others received only a single infusion. As 
a control, unsupplemented “VUJ”’ solu- 
tion was administered intravenously to 
9 patients. Most of the subjects were 
given infusions at rates approximating 
16 cc. per minute. Due to technical diffi- 
culties in administration, a few received 
the infusions at a slower rate. 
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tolerated 9 doses of “VUJ” fortified with 
glutamic acid without experiencing either 
nausea or vomiting. With the administra- 
tion of this preparation occlusion of the 
veins was a common occurrence. This 
was probably due to the hypertonicity of 
the material since the solution used con- 
tained, in addition to the 8% “VUJ” 
solution, 8.2 gm. of glutamic acid and 
approximately 2 gm. of sodium bicarbo- 
nate. Five subjects received 8.2 gm. of 
partially neutralized glutamic acid dis- 
solved in water. In this group, 2 subjects 
vomited and 2 became dizzy. Of the 


TaBLE 1.—TuHeE Errect oF INTRAVENOUSLY ADMINISTERED GLUTAMIC ACID ON THE PRODUCTION OF 
NAUSEA OR VOMITING 


(The glutamic acid was dissolved in either 500 ce. or ‘‘VUJ"’ or water) 


Glutamic acid 


Subject In “VUJ” In water Rate 
No. Initials Sex (gm.) (gm.) (ec./min.) Reaction 
1 G. F.* M 0.82 16 Vomited 
2 F. C.* M 0.82 17 Nausea 

3 F. S.* M 0.82 16 0 

8.20 17 0 

4 L. B.* M 8.20 As fast as 0 

45 

5 W.S.* M 8.20 _ 0 

6 D. O.* M 8.20 S 0 
7 M. B. F 8.20 16 Vomited 

8 F. dD. M 8.20 16 

9 F. G. M 8.20 sig 16 0 

8.2 16 Dizzy 
10 E. E. M 8.20 16 Vomited 

11 M 8.20 16 

8.2 16 

12 A.S. M 8.20 . 17 0 
17 Vomited 

13 G.S8. M 8.2 16 Dizzy 

14 K.S. M i 8.2 8 0 
15 Gc. M 8.20 20 Vomited 

16 W.S. M 8.20 is & Nausea 
17 H. J M 8.20 12.5 i 


* These subjects received 3 doses of the glutamic acid containing ‘‘VUJ’’ for 3 consecutive days. 


Results. Glutamic acid was adminis- 
tered intravenously to 17 patients. The 
results of this investigation are summar- 
ized in Table 1. Of the 3 patients who 
received 0.82 gm. of glutamic acid dis- 
solved in “VUJ,” 1 vomited and another 
became nauseated. Thirteen subjects were 
given 8.2 gm. of glutamic acid dissolved 
in “VUJ” and of these 5 vomited. One 
subject received both concentrations of 
glutamic acid and experienced no ill-effects 
with either. It is of interest that certain 
patients, such as Nos. 3, 4, 5 and 6 each 


entire group of 17 subjects who received 
glutamic acid dissolved in either “VUJ” 
or water, 8 vomited and 3 became nau- 
seated. 

The results of the administration of 
dl-aspartic acid added to 8% “ VUJ” solu- 
tion, are summarized in Table 2. In this 
series 13 subjects received the test dose; 
of these, 1 became flushed and 4 com- 
plained of nausea. 

The 8% “VUJ” solution alone was 
administered intravenously to 9 patients. 
These subjects constituted an excellent 
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control group and together they received. 
a total of 41 infusions of 500 cc. each. 
The rate of administration varied from 
17 to 45 ce. per minute. In no instance 
did vomiting occur and none of the pa- 
tients in this group complained of nausea. 


tures now available for clinical use. The 
amounts of glutamic and aspartic acids 
administered were derived by calculation 
from the data of Block and Bolling' on the 
amino acid content of casein. The quan- 
tity of these dicarboxylic acids given was 


TaBLe 2.—Tue Errect or INTRAVENOUSLY ADMINISTERED ASPARTIC ACID ON THE PRODUCTION 
or NAUSEA 


(The aspartic acid, 2.16 gm., was dissolved in 500 cc. of ‘‘VUJ" mixture) 


Subject 
No. Initials 
4 L. B.* 

5 

6 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


* 


> 


Rate 
Sex (ce./min.) Reactions 

8 0 

13 0 

15 0 

33 0 

33 Flushed 

20 Nausea 
9 0 
7 0 

17 Nausea 

19 0 
8 Nausea 

25 0 

23 Nausea 


* These subjects received 3 infusions of ‘‘VUJ”’ containing aspartic acid per day for 3 consecutive 


days. 


Discussion. The amino acid mixture 
“VUJ”, which does not contain any so- 
called “non-essential” amino acids other 
than glycine, can be administered at a 
rapid rate without producing either nausea 
or vomiting. This mixture presented an 
ideal vehicle for testing in humans the 
hypothesis proposed by Madden and his 
co-workers?* that glutamic and aspartic 
acids are the factors in protein hydroly- 
sates which reduce the tolerance to these 
preparations when administered intra- 
venously to dogs. From the observations 
which form the basis of the present report, 
it appears that glutamic acid when ad- 
ministered intravenously has a definite 
tendency to produce nausea and vomiting 
in man. On the other hand, undesirable 
reactions occur less frequently when 
aspartic acid is administered intraven- 
ously. It should be pointed out that a 
smaller amount of aspartic acid than glu- 
tamic acid was given. The reason for 
selecting the doses used in these studies 
was to obtain the concentrations of these 
amino acids comparable to those present 
in the preparations of amino acid mix- 


considered to be that which would appear 
in a casein hydrolysate equivalent to 
500 ce. of 8% “VUJ” mixture. It ap- 
pears that glutamic acid must be admin- 
istered intravenously to have an emetic 
effect. Price, Waelsch and Putnam’ have 
given 16 to 20 gm. of this acid orally to 
epileptic patients and only 1 of their 
8 cases complained of gastric symptoms. 

The data presented here on human sub- 
jects are consistent in a qualitative sense 
with those of Madden and associates** 
and also of Unna and Howe,’ who showed 
that both glutamic and aspartic acids 
produced vomiting in dogs. 

In 6 patients who received the “VUJ” 
solution to which glutamic acid was added 
the influence of this mixture upon the 
amount of food voluntarily consumed 
was observed. The method used in deter- 
mining the influence of amino acid prepa- 
rations on the voluntary food intake was 
the same as that previously described.® 
The quantity of glutamic acid adminis- 
tered daily to 4 of these subjects was 
24.6 gm. dissolved in 1500 cc. of “VUJ” 
mixture. The remaining 3 patients re- 
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ceived 2.4 gm. in the same volume of 
“VUJ” mixture. The resulting solution 
was given intravenously in 3 equally di- 
vided doses for 3 consecutive days. One 
subject received both the high and the low 
levels of glutamic acid. In 2 of the pa- 
tients who received the low dose there was 
a marked ilecrease in food consumption; 1 
vomited violently, the other became nau- 
seated. None of the other subjects devel- 
oped either anorexia, nausea or vomiting. 
Thus, it is evident that the depression in 
food intake may be secondary to the ap- 
pearance of nausea or vomiting. 

Similar observations regarding the in- 
fluence of aspartic acid upon the volun- 
tary food consumption were made on 3 
patients. Each of these patients received 
6.3 gm. of aspartic acid dissolved in 
1500 cc. of “VUJ” solution. This mix- 
ture was given in 3 equally divided infu- 
sions for 3 consecutive days. None of 
these patients showed either a depression 
of the appetite, nausea or vomiting. 

Glutamic and aspartic acids constitute 
about one-third of the amino acid content 
of casein. The 2 protein hydrolysates 
which are most widely employed clini- 
cally use casein as the source of protein. 
These products, therefore, probably have 
a content of both glutamic and aspartic 
acids similar to that of casein.* The 
present work shows that the amino acid 
mixture “VUJ” which contains no di- 
carboxylic acids is better tolerated than 
any of the glutamic acids containing pro- 
tein hydrolysates. The hypothesis that 
glutamic acid and possibly aspartic acid 
are responsible for the nausea and vomiting 
in man when protein hydrolysates are 
given intravenously is supported by the 


evidence presented in this report. At the 
present time, however, the possibility of 
other factors contributing to the undesir- 
able reactions cannot be excluded. Mark- 
ed flushing, a common complaint due to 
rapid intravenous administration of pro- 
tein hydrolysates, was not noted in the 
patients who received these dicarboxylic 
amino acid solutions. This undesirable 
symptom is probably not due to glutamic 
and aspartic acids. 

It is known that psychologic influences 
are important factors to consider in 
evaluating the possible emetic effect of a 
given substance. In all this work the 
patients were told that the infusion was 
part of their general routine therapy and 
they accepted it as such. No leading 
questions or undue attention was expressed 
during the procedure. This eliminates to 
a large degree the possibility of psychic 
factors causing the nausea or vomiting. 

Summary and Conclusions. When glu- 
tamic acid dissolved in either the amino 
acid mixture “VUJ” or water was admin- 
istered intravenously, nausea or vomiting 
occurred in 11 out of 17 individuals. 
Two additional subjects became dizzy. 

Aspartic acid was administered under 
similar conditions to 13 subjects and 
nausea or vomiting occurred in 4. When 
the amino acid mixture “ VUJ” alone was 
administered to 9 patients, no undesirable 
effects occurred. 

The probability of the dicarboxylic 
amino acids being responsible for the 
decreased tolerance of casein hydrolysates 


is supported by the evidence presented in — 


this study. However, the possibility of 
other factors producing nausea and vomit- 
ing cannot be excluded. 


* “In ‘Parenamine’ the approximate value of glutamic acid is 24% and of aspartic acid 6% which 
is the percentage of these non-essential amino acids in casein.’’ This information was supplied by 
Earl L. Burbidge, M.D., Frederick Stearns & Co., Inc., Detroit, Mich. 

No analytic values for glutamic and aspartic acids in ‘‘Amigen’’ are available according to personal 
communication from Warren M. Cox, Jr., Px.D., at Mead Johnson & Co., Evansville, Ind. 
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THE SURVIVAL TIMES OF ADRENALECTOMIZED AND ADRENALECTOM-— 
IZED-CASTRATED MALE RATS WITH AND WITHOUT A HIGH 
SODIUM CHLORIDE INTAKE 


By Dwicut J. Pu.D. 
AND 


James E. Nezamis, B.S. 
KALAMAZOO, MICHIGAN 


(From the Research Laboratories, The Upjohn Company) 


THERE is some overlapping in the bio- 
logic properties of the steroid hormones. 
Testosterone, in addition to certain adre- 
nal cortical and ovarian steroids, has the 
property of causing some sodium reten- 
tion. There is a great deal of indirect 
evidence that the adrenal cortices secrete 
androgenic substances.! Armstrong? and 
Williams et al have found testosterone 
to benefit patients having adrenal cortical 
insufficiency. Does the presence or ab- 
sence of the testis modify the survival 
times of adrenalectomized animals? Sev- 
eral studies, reviewed by Parkes,’ have 
been made of the effect of castration upon 
the survival times of adrenalectomized 
animals with negative results. 


they ate ad libitum during the remainder 
of the experiment. At the end of 2 weeks 
on the synthetic diet all of the animals were 
adrenalectomized by the method of Ingle 
and Griffith (1942). Asepsis was success- 
fully maintained. Each animal was kept in 
an individual cage during the remainder. of 
the study. The animals were housed in an 


air-conditioned room in which the tempera- 


ture was maintained at 74 to 78° F. and the 
humidity at 30 to 35% of saturation. 


Resutts. Twenty-two pairs of adre- 
nalectomized and adrenalectomized-cas- 
trated rats were observed during their 
survival. All of the animals lost weight 
rapidly. The non-castrated rats lived an 
average of 13.6 days, with a range of 6 


TABLE 1.—Meprium CARBOHYDRATE 


Constituent Gms. 
Osborne and Mendel salt mixture. . 40 
Dried yeast (Pabst) . . . . . . 100 
10 . 
Mazola oil plus 100 mg. of vitamin K 
(2-methyl-1-4-naphthaquinone) 10 


The possibility that the favorable effect 
of a high sodium chloride intake upon the 
survival of adrenalectomized animals may 
be affected by the testis has not been 
studied. We have reéxamined the effect 
of castration upon the survival of adrenal- 
ectomized rats and have included animals 
on both high and low levels of sodium 
chloride intake. The results were negative. 


Methods. Male rats of the Sprague- 
Dawley strain were maintained on Purina 
Dog Chow until they reached a weight of 
300 to 325 gm. At this time 50% of the 
animals were castrated and all were trans- 
ferred to a synthetic diet (Table 1) which 


Constituent Gms, 
Mazolaoil. . . ... . . 190 
Sucrose 200 


Water to make total volume of 2000 cc. 


to 25 days for individual animals. The | 


castrated animals lived an average of 
14.5 days, with a range of 6 to 34 days. 
Fifteen pairs of adrenalectomized and 
adrenalectomized-castrated rats were given 
1% sodium chloride solution to drink for 
28 days. All of the rats, both castrated 
and non-castrated, survived this period 
but either failed to gain weight or lost a 
few grams. After treatment with saline 
was withdrawn all of the animals lost 
weight rapidly and died. The non-cas- 
trated rats lived an average of 11.9 days, 
with a range of 6 to 18 days. The cas- 
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trated rats lived an average of 15.3 days, 
with a range of 5 to 35 days. 

It can be concluded that the presence 
of the testis does not favor the survival of 
the adrenalectomized rat, either with or 
without treatment with saline. 

Summary. Twenty-two pairs of adre- 
nalectomized and adrenalectomized-cas- 
trated male rats eating a medium carbo- 
hydrate diet ad libitum survived an 


average of 13.6 and 14.5 days respectively. 
Fifteen pairs of adrenalectomized and ad- 
renalectomized-castrated rats lived for 
28 days in apparent “good health” when 
1% sodium chloride was added to the 
drinking water. Following the withdrawal 
of saline the adrenalectomized rats sur- 
vived an average of 11.9 days and the 
adrenalectomized-castrated rats an aver- 
age of 15.3 days. 
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“TROPHIC” ULCERS OF THE HANDS COMPLICATING 
MYOCARDIAL INFARCTION 
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CERTAIN maladies of the shoulder joint, 
subdeltoid bursa, palmar fascia and finger 
joints are recognized as sequel of myo- 
cardial infarction. Although the precise 
mechanism of these disorders has not been 
described, most investigators favor the 
mediation of neurotrophic stimuli from the 
infarcted ventricle to the cervical derma- 
tomes and metameres coérdinated with 
the cardiac nerves. 

Cutaneous lesions, however, have not 
been described in this connection. Par- 
sonnet" has noted herpes zoster of the left 
hemithorax in close temporal relation to 
coronary thrombosis; shingles, however, is 
a distinct entity. It is now possible to 
record a case in which, promptly after a 
myocardial infarction, there appeared sym- 
metrical cutaneous vesicles which ruptured 
to leave deep, slowly healing, painless 
ulcers of the digits. 


Case Report. A. B., a 49 year old white 
man, first noted angina pectoris when he was 
41. He suffered his first myocardial infare- 
tion in March 1945. 

During the night of March 9, 1946, he 
was stricken with an acute posterior myo- 
cardial infarction. The pain was very severe, 
but like his angina and prior attack, was 
limited to the chest; at no time had he 
experienced pain in the hands, arms or 
shoulders. Two grains of morphine sulfate 
were required to allay the distress. About 
12 hours after the onset, he noted 2 vesicles 
symmetrically placed over the metacarpo- 
phalangeal joints of the index fingers. The 
thin coverings of these blisters ruptured 
spontaneously the next day and deeply 


punched-out, painless ulcers were left, the 
right being twice larger than the left (Fig. 1). 
The escaping fluid was noted as colorless. 
A coagulum formed quickly in the base of 
each ulcer; the pink halo of surrounding 
inflammatory reaction was slight. The 
ulcers were filled in from below the coagula 
and from the sides, until after some 10 or 
12 weeks only whitish-pink depressed scars 
remained. At no time in the course of the 
ulcers was any pain whatsoever experienced. 
There were no neurologic signs, no thicken- 
ing of the palmar fascia, no arthritis of the 
hands, and no evidence of bursitis of the 
“shoulder syndrome.” 

The typical electrocardiograms are shown 
in Figure 2. 


Discrssion. We are of the opinion that 
the symmetrical ulcers of the hands of the 
patient reported are the result of the myo- 
cardial infarction, and are, therefore, re- 
lated to the painful shoulders,?**.* the dis- 
ability of the hands,!*" and Dupuytren’s 
contracture’ reported in the past decades, 
and now recognized as late complications 
of the cardiopathy. In the same category, 
also, are the less well-known phenomena of 
localized sweating of the chest and arm 
replacing cardiac pain‘ (first noted by 
Mackenzie'’), herpes zoster of the thorax 
in the course of coronary disease. and 
paroxysmal ocular ptosis with angina.” 

Various theories have been postulated 
concerning the mechanism of the involve- 
ment of the upper extremities. Libman’® 
believed that there was a toxic effect of the 
ventricular necrosis on joints which were 
previously sensitized by the “gouty dia- 
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Fic. 1.—Trophic ulcers of the hand. 
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Fic. 2.—Electrocardiograms. A, 8 months before; B, 12 hours after; C, 13 days after the 


present myocardial infarction. 
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thesis” or other arthrépathy. Boas and 
and Levy discussed the sensitization of a 
dermatome by another disease. Edeiken 
and Wolferth’® suggested an analogy be- 
tween causalgia and the shoulder syn- 
drome. To Meyer and Binswanger" “the 
possibility of a trophic disturbance follow- 
ing reflex vasomotor changes caused by 
radiation of the pain down the extremity” 
seemed most applicable. Johnson® was 
of the opinion that the shoulder and hand 
syndromes were not related; that the 
shoulder pain was due to voluntary or 
involuntary splinting of the shoulder be- 
cause of “fear of initiating recurrence of 
the anginal pain and because the shoulder 
itself is the site of reflex tenderness.” 
The “post-infarction sclerodactylia” he 
believed due to increased vasoconstriction 
of the peripheral arteries from pain and 
fear. Kehl’ claimed that in Dupuytren’s 
contraction following ventricular infarc- 
tion “irritation of the sympathetic gang- 
lia” might play an important part. Al- 
though Askey! noted 2 instances that 
suggested a predominant réle of the sym- 
pathetic nerves, the majority of his cases 
seemed to him to be a lighting up of a 
preéxisting arthritis. 

All of the above explanations except 
Libman’s and Johnson’s have a common 
denominator of trophic impulses trans- 
mitted from the diseased heart down the 
areas of cardiac radiation. These specu- 
lations leave us with a sense of incomplete 
explanation, since no provision has been 
made for the prompt appearance and ulcera- 
tion of the hands as in our case. After 
reviewing, in this connection, the late Sir 
Thomas Lewis’ investigations on herpes 
zoster, we believe that while his thesis of 
antidromic nervous stimulation is not 
fully proved, it is more acceptable than 
the other mechanisms mentioned. 

Lewis® mentioned that Strickler in 1876 
learned that the skin of the limb flushed 
when the cut posterior spinal nerves were 
stimulated peripherally. Langley later 
showed that this reaction could be pre- 
vented by section of the peripheral sensory 
nerves and might be produced by the dis- 


tal excitation of these fibers. These oft- 
confirmed experiments proved to Lewis 
that the nervous impulses “are carried 
by the sensory nerves antidromically and, 
ultimately, so it has been supposed, to 
reach the vessel through sensory nerve 
off-shoots.” Langley, Bayliss and Gaskell 
independently recognized the incongruity 
of regarding the antidromic impulse as 
similar to impulses conducted by vaso- 
motor nerves in general and theorized 
that the final result of an antidromic reac- 
tion might be the liberation of certain 
metabolites. It remained for Lewis, using 
Langley’s cat’s paw preparation, to dem- 
onstrate that antidromic vasodilation 
could be delayed by arresting the circula- 
tion to the limb and, therefore, that the 
flushing was unquestionably due to the 
liberation of a vasodilator substance. 

Lesions identical to herpes zoster may 
follow invasion of the posterior root gan- 
glion by either malignancy or trauma. 
Blisters and “trophic” ulcers, likewise, 
frequently follow injuries of peripheral 
sensory nerves. Occasionally, herpetiform 
lesions accompany causalgia. Thus, to 
use Lewis’ words, “ herpetic or herpetiform 
eruptions occur as sequels to lesions of 
the sensory nerve tracts; not only do they 
follow irritative lesions of the ganglia, but 
they are produced also by lesions of those 
tracts distal to the ganglia themselves.” 

Lewis and Marvin believed they were 
unable to reproduce vesicles as the result 
of experimental antidromic stimulation in 
animals or man because they could not 
maintain nerve stimulation over a suffi- 
ciently long period. 

We return to the unique symptomatol- 
ogy of our case that distinguishes it from 
the shoulder and hand syndromes previ- 
ously reported: (1) the prompt appear- 
ance, and (2) the vesicle formation and 
later ulceration of the skin. These may 
be explained by antidromic stimulation 


of prodigious degree from the infarcted © 


heart. The fact that our patient was not 
conscious of pain radiating down his arms 
during the acute myocardial infarction 
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(nor, for that matter, during his anginal 
episodes) fortifies the concept that anti- 
dromic impulses are totally different from 
the usual impulse transmitted centri- 
pedally through sensory nerves. It is 
worthwhile to mention at this point that 
in the literature quoted the usual shoulder 
and hand disability appeared in many 
patients without cardiac pain radiating 
to the arms or hands. 


We are indebted to Dr. William Dock for many helpful suggestions. 
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PULMONARY VASCULAR LESIONS IN SILICOSIS AND RELATED 
PATHOLOGIC CHANGES 


By Ervine F. Geever, M.D. 


ASSISTANT PROFESSOR OF PATHOLOGY 
DENVER, COLORADO 


(From the Division of Industrial Hygiene, University of Colorado, School of Medicine) 


TuE effect of silicosis on the pulmonary 
circulatory system and, indirectly, on the 
right half of the heart constitutes one of 
the important complications of this dis- 
ease. Such sequele as pulmonary hyper- 
tension and right-sided cartliac dilatation, 
hypertrophy and failure are generally 
attributed to obliterative vascular changes. 
However, with the exception of Gerstel’s® 
report in 1933, detailed descriptions of 
the vascular lesions and their pathogenesis 
are not available in the modern literature. 
Other workers have described vascular 
changes briefly in a general description 
of silicosis or in relation to some other 
aspect of the pathologic changes. For 
example, the Coles? believed that the dysp- 
nea of silicotic patients was due to oblit- 
eration of pulmonary capillaries. Gard- 
ner,* in a presentation of pneumoconioses 
of all types, mentioned anemic necrosis as 
a cause for the irregular slit-like cavities 
which are found in silicotic fibrous masses. 
Vorwald“ also described, among other 
types of cavitation, a form in conglomerate 
nodular fibrosis which was considered sec- 
ondary to interference with blood supply. 
Riddell" reported multiple thromboses of 
the pulmonary arteries in an interesting 
case report of silicosis. Policard, Crozier 
and Martin® regarded vascular interfer- 
ence as important in the carnification of 
pulmonary tissue between silicotic nodules 
and masses. 

The present study was undertaken in 
an attempt to furnish additional informa- 
tion concerning the nature and evolution 
of the vascular lesions and to examine as 
far as possible related changes in the heart 
and lungs. 


Institute of Health, Bethesda, Md. 


Material and Methods. The pathologic 
material was obtained from necropsies per- 
formed by the author and from stored speci- 
mens collected in the Colorado General Hos- 
pital. The series consisted of 45 cases of 
silicosis. An attempt was made to keep the 
silicotic series as “pure” as possible; thus, 
many cases were eliminated because of gross 
or extensive microscopic evidence of com- 
plicating pulmonary tuberculosis. An equal 
number of fairly normal controls was stud- 
ied. These cases were unselected and con- 
secutive, except for age, in a series examined 
postmortem by the author. Since the major- 
ity of the silicotic patients in this study 
were over 50 years of age at the time of 
death, the controls were taken from a similar 
age group to eliminate the possible effect of 
senile ‘wear and tear” on the pulmonary 
vessels. 

The pulmonary parenchyma and vessels 
were examined grossly and microscopically. 
The examinations were made in most cases 
on sections from the periphery, mid-lung 
and hilus, so that vessels of all possible 
dimensions were available for comparative 


- study. Hematoxylin and eosin and Weigert’s 


elastic fiber stains were performed on paraffin 
blocked tissue prepared in routine fashion. 
A lesser number of sections was stained by 
Van Gieson’s method for connective tissue, 
Turnbull’s blue method for hemosiderin, and 
by the scarlet red method for fat. Micro- 
incineration was performed on the pulmon- 
ary sections of 5 silicotic cases.* At least 
80 and often as many as 160 vessels were 
examined in each case; the average number 
was about 140. The changes were tabulated 
according to the size of the vessel: “large” 
for vessels over 1 mm. in diameter; “me- 
dium” over 0.4 mm.; ‘‘small” over 0.15 mm.; 


- arterioles, venules and capillaries 0.15 mm. 


and below. 
In grading.the degree of silicosis, paren- 


* Micro-incineration was performed through the courtesy of Dr. Henry Yagoda of the National 


292 
chy 
bre 
Th 
dis 
ing 
in 
at 
th 
sel 
to 
sti 
m 
23 
sil 
st 
an 
‘4 
ol 
: T 
Vi 
al 
oa 
fc 
il 
T 
i n 
| 
f 
( 
> i 


GEEVER: PULMONARY VASCULAR LESIONS IN SILICOSIS 293. 


chymal changes only were measured. Pleu- 
ral plaques and isolated fibrosis in peri- 
bronchial lymph nodes were not included. 
The cases were separated into 2 groups: 
discrete nodular silicosis for lesions varying 
from 0.2 to 0.5 mm. in diameter and includ- 
ing occasional zones of fibrosis up to 1 cm. 
in their longest axis; and massive conglomer- 
ate nodular silicosis for masses over 1 em. in 
their longest axis. Thus, the silicosis in this 
series was well advanced and corresponded 
to Grades 2 and 3 by usual roentgenologic 
standards of classification. This series was 
made up of 20 cases of discrete nodular and 
23 cases of massive conglomerate nodular 
silicosis. 


Results. Gross vascular changes were 
striking in some instances. Extensive 
arterial thrombosis was encountered in 2 
cases of discrete nodular and in 7 cases 
of massive conglomerate nodular disease. 
The thrombi were firm, adherent, and in 
various stages of organization. Occasion- 
ally multiple, papillomatous, incompletely 
occluding, and discontinuous thrombi were 
found within the main arterial channels 
in massive conglomerate nodular silicosis. 
The vessels affected were sometimes en- 
circled by a ring of enlarged hard lymph 
nodes. Infarcts were not observed. In 
the large arteries of 8 controls thrombi 
were found; in all cases they were taken 
to be embolic and in 7 instances were 
accompanied by infarcts. 

Microscopic examination provided the 
important information concerning vascu- 
lar changes. Of all stains used, Weigert’s 
for elastic tissue proved most valuable. 
To avoid repetition in the text it can be 
stated here that in discrete nodular silico- 
sis the changes were most marked in small 
vessels, arterioles, venules and capillaries 
only. In massive conglomerate nodular 
involvement vessels of all sizes were af- 
fected. Two processes evoked vascular 
changes: direct encroachment upon the 
vascular wall by nodules or nodular masses 
and infiltration by highly cellular dust- 
and pigment-bearing granulation tissue. 
The latter advanced irregularly along the 
margin of the nodule or nodular mass. 


ARTERIES. Intima and Lumen. The 
direction of movement of infiltrating dust- 
bearing granulation tissue about affected 
vessels was from the perivascular region 
towards the lumen. Before the lumen 
was reached, however, intimal changes oc- 
curred. They began frequently on the 
encroached side of the vessel. Metaplasia 
of intimal endothelium to fibroblasts and 
proliferation of fibroblasts were early reac- 
tions which led to intimal thickening 
(Fig. 1). Later, sprouting capillaries 
which seemed to arise also from intimal 
endothelium became visible in the thick- 
ened intima. Scattered round cells and 
pigment particles, usually positive for 
hemosiderin, were apparent in the stroma 
of the thickened layer. Elastic tissue 
stained sections at this stage of the vascu- 
lar change occasionally revealed thicken- 
ing of the intimal elastica (Fig. 2). The 
intimal elastica at all times resisted either 
encroachment by nodules or infiltration 
by granulation tissue much longer and 
much more effectively than did the smooth 
muscle elements in the adjacent media. 
However, with prolonged encroachment 
or infiltration degenerative changes even- 
tually occurred in the intimal elastica. 
Splitting, unravelling, thinning, pallor and 
partial disappearance were observed. In 
some instances hyaline transformation of 
intimal elastica was noted. All elastic 
changes were particularly marked in 
medium and small sized arteries trapped 
in the centers of conglomerate nodular 
fibrous masses. Large arteries sometimes 
revealed degeneration of intimal elastica, 
as a reaction to encroachment by fibrous 
hilar masses. Infiltration of the walls of 
large arteries by dust-bearing granulation 
tissue was infrequent and penetration of 
the intimal elastica in this manner un- 
common. 

Partial or complete occlusion of the 
lumen occurred from progressive intimal 
thickening or secondary to the flow of dust- 
bearing granulation tissue into it. Some- 
times a combination of these 2 processes 
produced occlusion. In occluded vessels 
many attempts were made to reéstablish 
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circulation by varying sized re-canalizing 
channels (Fig. 3). Such small channels 
often continued to function after large 
segments of the wall of the original vessel 
had been replaced by fibrous tissue. Oc- 
casionally a medium or small artery ex- 
hibited surprising resistance to encircle- 
ment or invasion by silicotic fibrous tissue 
and revealed no tendency to reduction in 
the size of its lumen. Thrombosis in 
large arteries was described above. Dif- 
ferent stages of organization, the majority 
advanced, were seen but there were no 
breaks in the vascular wall with secondary 
invasion of the thrombi by dust-bearing 
granulation tissue. The pigment within 
thrombi gave a positive reaction for hemo- 
siderin, whereas pigment within infiltrating 
granulation tissue was usually negative. 

Intimal lipoid deposits were considered 
non-specific and were found as frequently 
in the normal controls as in the silicotic 
lungs. Foam cells were numerous and, 
in zones of extensive lipoidosis, the acicu- 
lar outlines of crystals were seen. Hyaline 
changes were present to some degree and 
were sometimes associated with intimal 
thickening. Metaplasia and proliferation 
of intimal endothelium, although observed, 
were neither as frequent nor as severe as 
in the silicotic lungs. Scattered calcium 
deposits were found in the intima of a 
few large arteries. 

Media. This layer provided a barrier 
of smooth muscle to the centripetal move- 
ment of dust- and pigment-bearing granu- 
lation tissue or to the progressive en- 
croachment, compression or encirclement 
by nodules or nodular masses. In large 
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arteries elastic tissue contributed to the 
barrier and seemed to add to its effective- 
ness. Increased cellularity in the media 
was one of the early reactions to injury. 
The cells were chiefly fibroblasts proliferat- 
ing in situ from “slumbering” mesenchy- 
mal cells or arising from metaplasia of 
smooth muscle cells; also possibly from 
the endothelium of the vasa vasorum. 
With prolonged and more direct encroach- 
ment of nodules or nodular masses and as 
infiltration by dust- and pigment-bearing 
granulation tissue from the adventitia 
became imminent, the smooth muscle cells 
disappeared and were replaced by young 
fibrous tissue (Fig. 4). Round cells were 
scattered therein and hyperemic vasa 
vasorum extended inward from the ad- 
ventitia. Dust- and _pigment-bearing 
granulation tissue soon penetrated the 
media through single or multiple breaks 
and streamed down to or through the 
intimal elastica (Fig. 5). 

Although the large arteries sometimes 
reacted to encroachment and infiltration 
by thrombosis, they resisted to a better 
degree, otherwise, than did medium and 
small sized arteries. Degenerative changes 
in the muscle and elastic elements, fibrosis 
and infiltration by granulation tissue were 
neither as marked nor as frequent. 

Non-specific changes found in silicotic 


‘ and normal lungs included hyaline trans- 


formation, calcium deposits and mucoid 
degeneration. The latter 2 changes, when 
present, were observed almost exclusively 
in large arteries. 

Adventitia. Collars of cellular granula- 
tion tissue containing dust and pigment 


LEGENDS FoR 1 To 6. 


Fic. 1.—Marked intimal proliferation of a large artery partly encircled by silicotic lymph nodes 


(Weigert’s stain). x 5. 


Fic. 2.—Thickening of intimal elastica with reduplication and splitting in a small artery (Weigert’s 


stain). X 55. 


Fic. 3.— Multiple breaks through the wall of a medium sized artery. Its lumen is filled with pigment- 
bearing granulation tissue. The vessel is partly re-canalized (Weigert’s stain). X 43. 

Fic. 4.—A small artery is encroached upon by fibrous tissue. Its wall exhibits increased cellularity 
and dilatation of vasa vasorum (hematoxylin and eosin). X 104. 

Fic. 5.—Multiple breaks through the wall of a large artery. The lumen is about two-thirds filled 
with pigment-bearing granulation tissue (Weigert’s stain). X 40. 


Fic. 6.— Medium sized artery compressed between silicotic nodules. Septate division of the vessel 
by infiltrating granulation tissue (Weigert’s stain). 


X 42. 
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were frequently seen about vessels of all 
sizes in discrete nodular silicosis. Hyper- 
emia and proliferation of adventitial vasa 
often accompanied the above and some- 
times the vasa were clustered together 
and they resembled hemangiomas. These 
changes were noted in small and medium 
sized arteries in proximity to the margins 
of nodules; and in large arteries adjacent 
to silicotic hilar nodes. 

In massive conglomerate nodular dis- 
ease the collars merged with dust-bearing 
granulation tissue flowing along the mar- 
gins of encroaching fibrous masses. This 
fusion ushered in the changes already 
described in the media and intima (Figs. 6 
and 7). Even after occlusion and cessation 
of function, movement of dust-bearing 
granulation tissue from adventitia inward 
continued to disrupt and obliterate the 
affected vascular wall. 

Perivascular fibrosis was seen to a mild 
degree in many controls. Furthermore, 
some lungs presented anthracosis with 
pigment deposits in the perivascular and 
peribronchial lymphatics. 

Vetns. Microscopic changes in the 
various layers were similar to those in the 
arteries (Figs. 8 and 9). However, the 
veins offered much less resistance to 
fibrous encroachment and were occluded 
at an earlier stage of the silicosis. In 
hematoxylin and eosin-stained sections of 
massive conglomerate nodular silicosis 
veins were absent or difficult to find. 
They were sometimes visible in elastic 
stained sections of similar fields but dif- 
ferentiation between medium and small 
sized arteries and veins was often impos- 
sible. In fields where arteries and veins 
could be distinguished and compared, 
dilatation and thinning of the wall were 
more marked in the veins. Pigment-bear- 
ing phagocytes were more numerous in 
the perivascular regions and adventitial 
and medial layers of the veins than in 
nearby arteries. Occlusive and disruptive 
changes were similar, otherwise, to those 
described in the arteries. 

Lympuatics. In massive conglomerate 
nodular silicosis the number of lymphatic 


channels was greatly reduced, due to 
destruction and obliteration. Some elas- 
tic fragments seen in Weigert’s stained 
sections undoubtedly represented lym- 
phatic remnants though they could not 
be distinguished from interstitial elements 
of disrupted pulmonary framework. In 
discrete nodular silicosis the lymphatics 
along the margin of nodules often dis- 
played pigmented and hyperplastic endo- 
thelium. Obstructed vessels were dilated 
and their lumens occasionally choked with 
pigment-bearing phagocytes. Encroach- 
ment by nodules sometimes resulted in 
flattening and distortion of the lumen. 
Fibrous, hyaline and pigmentary changes 
were common in the perilymphatic regions. 
Only rare instances were available in 
which inward migration of pigment-bear- 
ing granulation tissue and occlusion were 
seen. When either or both of these changes 
occurred, destruction and disappearance 
seemed to proceed rapidly and identifi- 
cation of the affected lymphatic vessel 
was impossible with routine staining 
methods. 

The normal controls showed lymph 
channels containing pink granular mate- 
rial and an occasional phagocyte. The 
lungs with some degree of anthracosis re- 
vealed pigment in lymphatic intimal en- 
dothelium and in the adventitia. Mild 
hyaline and fibrous transformation were 


‘apparent also. 


Small Vascular Channels. With hema- 
toxylin and eosin stains all silicotic nodules 
or masses revealed the presence of small 
thin walled capillaries along their margins. 
In cross-section the smaller ones were 
about 20 to 30 microns in diameter, the 
larger 100 to 150 microns. The function- 
ing channels with erythrocytes in their 
lumens were oval or round and the lining 
endothelium unpigmented or slightly so. 
The non-functioning channels were empty, 
flattened or cleft-like in configuration and 
the lining endothelium phagocytic and 
often heavily pigmented. Artefacts which 
developed due to shrinkage and separation 
of laminated fibers could be differentiated 
as a rule by the absence of lining endothe- 
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Fic. 7.—Micro-incinerated specimen of same field as in Figure 6. Note arrangement of inorganic 
ash in wall and compare with F igure 6. X 42. 


Fic. 8.—Degeneration of part of the wall of a large vein encroached upon by a fibrous silicotic mass 
(Weigert’s stain). x 21. 


Fic. 9.—Constriction of a medium sized vein by pigment-bearing granulation tissue (Weigert’s 
Stain). Xx 33. 


Fic. 10.—Dilated thin-walled capillaries in the margin of a conglomerate nodular mass (hematoxylin 
and eosin). 111. 


Fic. 11.—Patent arteriole near the center of a typical silicotic nodule (hematoxylin and eosin). 
X 93. 
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lium. As one moved the microscopic field 
from the margin of a nodule or nodular 
mass towards the center, a progressive 
decrease first in small functioning chan- 
nels and then in the non-functioning cleft- 
like capillaries was observed. In the cen- 
ter some of the irregular, fragmented and 
pigment-bearing clefts represented dis- 
rupted vascular channels, but with hema- 
toxylin and eosin stains it was impossible 
to differentiate them from artefacts. Via- 
bility of the lining endothelium in the non- 
functioning cleft-like capillaries suggested 
that, for a time at least, the cells were kept 
alive by some type of serum circulation, 
either through the lumen or by diffusion 
from without. Free pigment was often 
present in their lumens indicating rupture 
of cells containing pigment at some other 
level. 

Necrotic areas in the centers of massive 
conglomerate nodular silicosis were often 
completely acellular and consisted of un- 
organized material: anthracotic pigment 
particles, calcium granules, the acicular 
outlines of crystals, and occasional poorly 
stained “ ghost” cells in a crumbling, frag- 
mented and, in parts, porous stroma. Oc- 
casional strands of hyaline fibrous tissue 
supporting empty vessels projected in- 
ward. Weigert’s stain for elastic tissue 
demonstrated large numbers of obliterated 
or partly destroyed vessels from medium 
sized arteries and veins down to arterioles, 
venules and capillaries. Unidentified and 
disorganized elastic fiber remnants were 
visible also. All changes were much more 
striking than in the hematoxylin and eosin 
stained sections and one gained the im- 
pression of an extensive “turn-over” in 
small channels. Many were obliterated 
within nodular masses but new capillaries 
sprouted constantly along the margins in 
a futile effort to maintain circulation 
(Fig. 10). In some fields necrosis seemed 
directly related to the distance of the 
necrotic zone from functioning vascular 
channels. 

In many small typical silicotic nodules 
a functioning arteriole could be seen in 
or near the center. The engulfed vessel 


seemed to have provided a focus for the 
nodule (Fig. 11). Such a vascularized 
lesion resembled the experimental silicotic 
nodule described by Gardner’ and varied 
from the typical nodule in human silicosis. 

RELATED PaTHOLOGIC CHANGES IN THE 
Heart. The clinical course of the patients 
with conglomerate nodular Silicosis in this 
study was often aggravated by progres- 
sive cardiac disability. Furthermore, dila- 
tation and hypertrophy of the right side of 
the heart and other anatomic evidence 
of cardiac failure were frequently encoun- 
tered at necropsy. Table 1 reveals, how- 
ever, that most patients were in their 
7th or 8th decades at the time of death. 
Thus careful examination of the heart was 
essential to rule out contributing degen- 
erative diseases, particularly hypertensive 
cardiac hypertrophy and severe coronary 
arteriosclerosis with or without occlusion. 
Table 2 indicates the thickness of the right 
ventricle in the 3 groups. Of the 20 cases 
in the discrete nodular silicotic group, 10 
hearts revealed right ventricular thickness 
of 0.5 cm. or more. In the conglomerate 
nodular group slightly more than three- 
fourths, 16 out of 23, showed similar 
hypertrophy. The thickest right ventricle 
was encountered in the latter group and 
measured 1.3 cm. Of the 43 normal pul- 
monary controls 5 hearts revealed right 
ventricular hypertrophy. Ten cases in 
the discrete nodular and 4 in the con- 
glomerate nodular silicotic series, or a 
total of 14, revealed moderate or severe 


arteriosclerosis. Thirty-four cases in the 


controls showed the same change. ‘Two 
cases in the discrete nodular and 1 in the 
conglomerate nodular series revealed car- 
diac hypertrophy due to systemic hyper- 
tension. Eight cases in the controls 
showed this cardiac change. One case of 
valvular heart disease, aortic stenosis, 
was found in the silicotic series; 4 cases 
of valvular heart disease were encountered 
in the controls. 

A summary of clinical and necropsy 
evidence of cardiac failure is given in 
Table 3. Seven patients in the discrete 
nodular group had evidence of a cardiac 
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disability which was of major importance 
as a cause of death. However, in all but 
1 case pathologic cardiac changes unre- 
lated to silicosis were found to be re- 
sponsible. Thus despite the presence of 
right ventricular hypertrophy to 0.5 cm. 
and more in 10 out of 20 cases of discrete 
nodular silicosis, only 1 case was found 
in which right-sided heart failure was of 
major etiologic importance in the terminal 
illness. In that case right-sided cardiac 
dilatation and failure were encountered 
secondary to massive bilateral pulmonary 
arterial thrombosis. The right ventricle 
in this instance was 0.4 cm. in thickness. 


ventricular wall was only 0.3 cm. in thick- 
ness. Thus in slightly less than half of 
the cases of massive conglomerate nodular 
silicosis (11 out of 23) right-sided heart 
failure was of major importance as a cause 
of death. 

Twelve patients in the control group 
had evidence of a major cardiac disability 
on final entry to the hospital. Coronary 
occlusion with myocardial infarction, bac- 
terial endocarditis, hypertensive heart dis- 
ease with decompensation and rheumatic 
heart disease with decompensation were 
most common in the above order of fre- 
quency. In the 5 patients with right ven- 


TaBLe 1.—Ace DIstTRIBUTION 


o. 81 and 
cases 41-50 51-60 61-70 71-80 over 
Discrete nodular silicosis . . . . 20 0 3 7 7 3 
Conglomerate nodular silicosis . . . 23 1 5 13 4 0 
Normal controls... . . . 0 5 15 21 2 
TaBLe 2.—Carpiac CHANGES AT NECROPSY 
Thickness of right 
ventricle Other cardic lesions 
0.5em. Coronary A.S. L. hypertens. Valvular 
cases Normal and over (mod. or severe) hypertrophy 
Discrete nodular silicosis . . 20 10 10 10 2 1 
Conglomerate nodular silicosis 23 , 7 16 4 1 0 
Normal controls 38 5 34 8 4 
TABLE 3.—CLINICAL AND Necropsy EvIDENCE OF CARDIAC FAILURE 
Necropsy 
Clinical i Hydrothorax 
~ over 200 cc. Ascites Chr. p.c. 
No. Peripheral Pulmonary oneither 200cc. internal 
cases Cyanosis edema Dyspnea edema side or more organs 
Discrete nodular silico- 
sis 7 5 12 8 7 3 13 
Conglomerate nodular 
eee a 16 10 17 9 9 6 18 
Normal controls . . 43 8 9 18 13 13 4 23 


Thirteen patients in the massive con- 
glomerate nodular silicotic group had evi- 
dence of a cardiac disability of major im- 
portance. In addition to the tabulated 
evidence, electrocardiograms in these cases 
usually showed varying degrees of right 
axis deviation. The only significant path- 
ologic cardiac change in 10 cases was right 
ventricular hypertrophy with varying de- 
grees of dilatation. Cardiac changes un- 
related to silicosis were found in 2 cases. 
In the other, right-sided cardiac dilatation 
and failure were observed but the right 


tricular thickness of 0.5 cm. or more, sys- 
temic hypertensive heart disease with 
failure was found twice. Rheumatic mi- 
tral valvular heart disease with failure 
and coronary occlusion with myocardial 
infarction were encountered once each. 
Death was due to trauma (automobile 
accident) in the fifth case. 

RELATED PaTHOLOGIC CHANGES IN THE 
Lunes. The centers of the black firm 
masses of conglomerate nodular silicosis 
often contained varying sized areas of 
necrosis. In some instances a_ gentle 
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stream of water across the freshly cut sur- 
face was sufficient to wash away necrotic 
débris and to outline or create a.zone of 
cavitation. The typical cavities of ische- 
mic necrosis were small, narrow, multiple 
and sometimes coalescent. Less typical 
lesions were circular or irregular in con- 
tour. All types contained serum heavily 
colored by anthracotic pigment. After 
this was washed away, a lining layer of 
moist gritty black semisolid matter was 
revealed. The walls were black, fairly 
firm and merged imperceptibly with the 
adjacent fibrous tissue of the mass. The 
cavities in this series varied from 0.2 to 
3.5 cm. in their longest axis and were 
found in 7 patients out of 23 in the con- 
glomerate nodular group. No communi- 
cation with bronchi could be demonstrated 
The reports of chest roentgenograms were 
inconclusive in most cases. Cavitation 
was sometimes suspected but even with 
heavy penetration the diagnosis was in- 
definite. 

Microscopically, this lesion revealed 
walls composed of crumbling amorphous 
material supported in part by strands or 
layers of fibrous tissue. Calcium granules, 
the outlines of crystals, anthracotic pig- 
ment, free or within degenerated phago- 
cytes, and “ ghost” cells were visible. The 
fibrous strands and adjoining layers were 
mainly avascular or contained non-func- 
tioning, partly degenerated vessels. Their 
lumens were often filled with pigmented 
granulation tissue. Occasionally, in larger 
cavities, functioning vascular channels 
were found in some fields of the wall. 
Living cells, as manifested by staining 
qualities, were visible also in such fields 
and the wall appeared more discrete and 
firm. Crystals were less numerous or 
absent. 

In 2 other patients in the conglomerate 
nodular group cavities up to 3.4 cm. in 
their longest axis were observed. These 
lesions were irregular in shape and were 
lined by grayish yellow crumbling material 
superimposed on fibrous walls. Micro- 
scopically, the surface matter proved to 
be an exudate made up of fibrin, plasma 


cells, lymphocytes, macrophages, poly- 
morphs, scattered clumps of bacteria and 
cellular débris. The concentration of cells 
in the exudate varied in different sections. 
The adjacent fibrous walls also showed 
variability in the concentration of cellular 
infiltrates: Some fields were acellular 
and relatively avascular. Others revealed 
infiltration to plasma cells and lympho- 
cytes among proliferating capillaries, fibro- 
blasts and epithelioid cells. Giant cells 
were not encountered. This lesion was 
believed to be tuberculous with its morph- 
ology modified, in part by progressive 
ischemia, also possibly by other factors 
inherent in silica inhalation. 
Pseudocavities were sometimes found 
in emphysematous areas. Although vas- 
cular lesions had no bearing on their 
development, brief mention will be made 
of points of differentiation from ischemic 
cavities. Whereas ischemic cavities were 
present in or near the centers of fibrous 
masses, these lesions were located along 
the margins of the masses. Most often 
they were encountered between the vis- 
ceral pleura and the mass, particularly in 
the upper lobes. The walls of the pseudo- 
cavity were sometimes fairly thick, fibrous 
and black, always thicker and firmer than 
ordinary blebs or bullz. Microscopically, 
the lesion exhibited a wall composed of 
pigmented, hyalinized, fibrosed and com- 
pressed parenchyma except in the portion 
which abutted on the conglomerate nodu- 
lar mass. Vascularization was much bet- 


ter than in the wall of the typical cavity ° 


of ischemic necrosis. The lining was 
irregular and contained edema fluid and 
occasional polymorphs. The development 
of pseudocavities was believed related to 
contraction of the silicotic fibrous mass 
with disruption of marginal alveoli. Hy- 
perinflation secondary to bronchial and 
bronchiolar changes was also considered 
important. 

The réle of vascular changes in stimu- 
lating pulmonary fibrosis was difficult to 


evaluate because many other factors were 


important also. Infarction was not ob- 
served. Coalescence of typical nodules 
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to form the large masses of advanced sili- 
cosis was brought about in a background 
of subacute or chronic inflammation. The 
changes important in coalescence were: 
gradual increase in size of the nodules, 


proliferation of hyperemic, highly cellular ' 


granulation tissue along nodule margins 
and pathologic alteration in the interven- 
ing pulmonary parenchyma. Among the 
factors which were involved in effecting 
the latter change were atelectasis, in turn 
the result of bronchiolar compression and 
obliteration; and contraction of silicotic 
nodules with stretching, twisting and dis- 
ruption of adjoining alveolar walls. Vas- 
cular congestion was apparent in the 
alveolar walls aad edema fluid, “heart 
failure’ phagocytes and, less often, fibrin 
deposits were visible within the alveolar 
lumens. Lymph stasis was indicated by 
the presence of degenerating, dust-bearing 
phagocytes, closely packed within distend- 
ed alveoli. Plasma cells and lymphocytes 
were numerous .in both the proliferating 
hyperemic granulation tissue and in the in- 
tervening pulmonary parenchyma. Poly- 
morphs were present in occasional foci 
but were not as concentrated as the round 
cells. Although vascular obliteration and 
destruction were often marked in the mar- 
gins of this pulmonary “battleground,” 
the effect of the reduced blood supply in 
preparing the intervening pulmonary par- 
enchyma for fibrous conversion could only 
be surmised. 

Comment. Observations in this study 


- indicated wide individual variability in 


vascular resistance to the infiltrative, dis- 
ruptive and obliterative effects of silicosis. 
Many vessels revealed unobstructed lu- 
mens though completely surrounded by 
silicotie fibrous tissue. Others remained 
patent despite partial or complete replace- 
ment of the wall by invading granulation 
tissue. However, this does not deny that 
functional disturbance resulted in the cir- 
culation through such vessels due to inter- 
ference with distensibility. 

Although massive conglomerate nodu- 
lar silicosis often shortened life, it is 
interesting to note that of the 23 cases in 


that group, 13 patients were in their 7th 
decade of life and 4 in the 8th decade at 
the time of death (Table 1). It should 
be reémphasized, however, that tubercu- 
losis was largely excluded in this study. 

Occlusion, disruption and obliteration, 
as described in the text, were observed 
frequently in massive conglomerate nodu- 
lar silicosis. The outstanding processes 
which operated to bring this about were: 
encroachment by expanding nodules and 
infiltration by dust-bearing granulation 
tissue. Vascular lesions appeared to 
evolve rapidly and extensivély in massive 
conglomerate nodular disease with but 
little preliminary changes in the discrete 
stage. Small vessels and capillaries mainly 
were involved in discrete nodular silicosis 
and the changes appeared self-limited with 
little tendency to extent beyond the 
nodule. 

Intravascular pressure changes were 
believed to be important factors also in 
pathogenesis. Gerstl* regarded the chang- 
ing pressure during normal pulsation as 
significant in injuring vessels surrounded 
or fixed at various points by fibrous mass- 
es. If this view is correct, then traumatic 
effects should be more severe under the 
influence of increased pulmonary intra- 
arterial pressure. This often occurs in 
massive conglomerate nodular silicosis due 
to elimination of large portions of the 
pulmonary vascular bed and interference 
with distensibility of the remaining chan- 
nels. Recently Cournand, Bloomfield, 
Lauson and co-workers reported a method 
for recording the pressure in the right 
auricle and ventricle in man by venous 
catheterization. Although their series! 
contained only 3 cases of silicosis, they 
were able to detect the existence of pul- 
monary arterial hypertension in 2. In 
his comprehensive review on the genesis 
of arteriosclerosis Hueper’ called attention 
to the resultant anoxemia of the vascular 
wall when increased intravascular hydro- 
static pressure compressed the vasa vaso- 
rum. Anoxemia due to interference with 
vasal circulation was believed to result 
also from the marked perivascular fibrous 
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changes in massive conglomerate nodular 
silicosis. Adventitial vasal hyperemia and 
proliferation as described in this study 
probably represented a reaction to inter- 
ference with vasal circulation and an at- 
tempt to establish collateral channels. 
Evaluation of the degree of right-sided 
cardiac dilatation was hampered by the 
lack of a suitable standard for guidance 
and comparison. Furthermore, in hearts 
with marked dilatation, right-sided hyper- 
trophy was sometimes obscured because 
the wall was thinned. In such cases thick- 
ened columns carne, enlarged pectinate 
and papillary muscles and deep interven- 
ing recesses were suggestive of hyper- 
trophy, but the ventricular thickness by 
routine measurement was normal. In 2 
patients with right-sided cardiac failure 
the right ventricular thickness was only 
0.4 em. or less. More exact methods of 
measurement are available but are not 
used in routine necropsy work because 
they are too time-consuming. For ex- 
ample, dissection of the right and left 
ventricular walls and independent weigh- 
ing for comparison are far more accurate 
than measurement of thickness only, at 
one or possibly two points. In a considera- 
tion of right and left ventricular size which 
was independent of the main report’® on 


postmortem coronary arterial injection 


and Roentgen ray, Ravin and I contem- 
plated the possibility of cutting out right 
and left ventricular areas from a paper 
copy of the roentgenogram. Further 
studies on a series of 166 hearts will be 
the basis for a future report on relative 
right and left ventricular size. The total 
number of cases of right ventricular hyper- 
trophy in this series was 26 out of 43 cases 
(60%). This conforms with the results 
of Coggin, Griggs and Stilson? who found 
an incidence of 58 % in a series of 102 cases. 

In an experimental study, Visscher” 
found that acute elevation of right atrial 
or ventricular pressure in the isolated dog 


tion and failure. Elevation of pressure 
on the left side was comparatively well 
tolerated. He explained the deleterious 


heart was followed by ventricular fibrilla-. 
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effects on the basis of decrease in the cor- 
onary vascular pressure gradient: The 
coronary venous sinus empties into the 
right auricle. Furthermore, the right cir- 
cumflex artery which applies most of the 
right ventricle drains almost exclusively, 
92% on the average, into the right side 
of the heart through the right thebesian 
system; whereas the left cardiac thebesian 
flow is much less: about 1%. Increased 
pulmonary arterial pressure and increased 
right ventricular work are reflected in the 
high incidence of right ventricular hyper- 
trophy in this series of silicotic patients. 
The increase in pulmonary arterial pres- 
sure is probably slowly progressive over 
many years and differs in this respect 
from the acute studies described above.” 
The heart is able to compensate by hyper- 
trophy and increased work for some time. 
However, in massive conglomerate nodu- 
lar disease right-sided cardiac failure fre- 
quently supervenes. It was regarded as 
of major importance as a cause of death 
in 11 out of 23 patients in that group. 
Many complex factors operated to bring 
about central necrosis in discrete or mas- 
sive conglomerate nodular silicosis. In 
discrete nodular disease the death of cells 
appeared to be related to the age of the 
lesion, prolonged intimate contact with 
free silica, proliferation of fibroblasts, pro- 
gressive deposition of collagenous fibers 
and disruption of nourishing capillaries. 
Some of these factors were interrelated: 
thus the older the lesion, the longer the 
exposure of trapped cells to silica dust. 
Necrosis of capillary endothelium and 
capillary disruption probably resulted also 
from the direct toxic action of silica. In 
older silicotic nodules compression and 
obliteration of small vascular channels 
occurred due to contraction of the basket- 
weave arranged fibers. Despite varying 
degrees of central necrosis, discrete nodu- 
lar silicosis in many cases in this series 
seemed self-limited or healed. The clini- 
cal history in some patients indicated 
exposure for relatively short periods many 
years previously. Cavitation was not 
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observed in the discrete nodular form of 
the disease. 

Obliteration and disruption of many 
large and medium sized vessels introduced 
the factor of ischemia on a more important 
scale in massive conglomerate nodular 
silicosis. Furthermore, the effects of some 
of the other mentioned factors were multi- 
plied. It must be emphasized again that 
in this series tuberculosis was largely 
eliminated and its réle in inducing necrotic 
changes will be mentioned only. 

Gardner* described cavities of anemic 
necrosis as small and slit-like within 
fibrous masses and such small lesions are 
probably the best examples. However, 
larger cavities have been recognized in 
recent years. Vorwald™ described a few 
which involved a large portion of a lobe. 
McCloskey® reported large cavities on this 
basis with lesions measuring 5 and 7 cm. 
in diameter in the upper lobes. In this 
series the cavities of ischemic necrosis 
varied from 0.2 to 3.5 cm. in their longest 
axis; they were found in 7 patients out of 
the 23 in the massive conglomerate nodu- 
lar group. 

Summary. 1. The pulmonary vascular 
lesions and related pathologic changes 
were studied in 43 cases of silicosis. Cases 
with complicating pulmonary tuberculosis 
were largely excluded. A similar series of 
43 non-silicotic patients in the same age 
group was used as controls. 

2. Two morphologic processes seemed to 
evoke vascular changes: direct encroach- 
ment on the vascular wall by nodules or 
nodular masses and infiltration of the vas- 
cular wall by dust- and pigment-bearing 
granulation tissue. 

3. In discrete nodular silicosis the vas- 
cular lesions were not striking, as a rule, 
and were found only in small arteries, 
small veins, arterioles, venules and capil- 
laries. In massive conglomerate nodular 
silicosis the vascular lesions were severe, 
were found in vessels of all sizes and were 
demonstrable best in sections stained for 
elastic fibers. 

4. Fibroblastic proliferation was an 
early reaction in all layers of the arterial 
wall; later, proliferation of vasal and 


capillary channels and. degeneration of 
muscle and elastic tissue occurred. Oc- 
clusion and disruption of the vascular wall 
by infiltrating granulation tissue which 
streamed through all the layers were end- 
results. Thrombosis of large arteries was 
observed in 2 cases of discrete nodular 
and in 7 cases of massive conglomerate 
nodular silicosis. 

5. The veins revealed similar occlusive 
and disruptive changes but appeared to 
offer less resistance than the arteries. 
Lymphatic vessels often showed disten- 
tion, stasis and endothelial pigmentation. 
In massive conglomerate nodular silicosis 
veins and lymphatics were often destroyed 
without trace. 

6. Related pathologic changes in the 
heart included right ventricular hyper- 
trophy to a thickness of 0.5 cm. or more 
at necropsy in 10 out of 20 cases in the 
discrete nodular group and 16 out of 23 
cases in the massive conglomerate nodular 
group. Although 7 patients in the discrete 
nodular group had clinical and necropsy 
evidence of a cardiac disability which was 
of major importance as a cause of death, 
only 1 instance was found in which the 
right-sided cardiac changes alone were 
responsible. Thirteen of 23 patients in 
the massive conglomerate nodular group 
had clinical and necropsy evidence of a 
major cardiac disability. In 10 hearts of 
this group right ventricular hypertrophy 
and varying degrees of dilatation were the 
only significant changes. One case showed 
right-sided cardiac dilatation without in- 
creased thickness. Right-sided cardiac 
failure was considered to be the cause of 
death in 11 out of 23 cases in the massive 
conglomerate nodular group. 

7. Related pathologic changes in the 
pulmonary parenchyma (namely, fibrosis, 
ischemic necrosis and ischemic cavitation) 
were described. Ischemic cavitation was 
found in the fibrous masses of 7 patients in 
the conglomerate nodular group. Pseudo- 
cavitation due to emphysema was some- 
times encountered. 

8. The réle of pulmonary intravascular 
pressure changes in producing vascular 
injury was discussed. 
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EFFECT OF ANTIHISTAMINIC SUBSTANCES ON THE EDEMA PRODUCED 
BY EGG WHITE IN THE RAT 
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(From Institut de Médicine et de Chirurgie Expérimentales, Université de Montréal) 
MONTREAL, CANADA 


THE therapeutic use of antihistaminic 


‘substances has been based upon their 


effectiveness in preventing conditions (his- 
tamine shock, anaphylactic shock, peptone 
shock) which do not resemble allergic 
Recently, an ana- 
phylactoid reaction resembling angioneu- 
rotic edema has been described in the rat.’ 
This experimental reaction .induced by 
egg white furnishes a close parallel to 
certain human allergies and offers an op- 
portunity to transpose into human path- 
ology the therapeutic measures used in 
the treatment of this experimental condi- 
tion. The present investigation has been 
conducted to determine the effect of 
various antihistaminic substances on the 
edema produced by egg white in the rat. 

MarTERIAL AND MetHops. Male albino 
rats (130) of 80 to 100 gm. in weight were 
divided into 13 groups of 10 animals each. 
Animals of Groups I to IV received 10, 7, 
4 and 2 mg., respectively, of 2-(N-phenyl- 
N - benzyl - aminomethy]) - imidazolin or 
“Antistine”; those of Groups V to VIII 
received 10, 7, 4 and 2 mg., respectively, 
of 8 - dimethyl - amino - ethyl - benzhydryl 
ether or “ Benadryl”’, and those of Group 
IX to XII, 10, 7, 4 and 2 mg., respectively, 
of N - p - methoxylbenzyl - N - dimethyl- 
aminoethyl - a - aminopyridine or “Néo- 
antergan”’. These substances, in water sol- 
ution, were injected subcutaneously; each 
dose was contained in 0.4 cc. of liquid. 
Animals of Group XIII were kept as con- 
trols. Half an hour after the administra- 
tion of the antihistaminic compounds, all 
the rats received 1 intraperitoneal injec- 
tion of a solution of powdered egg white 
equivalent to 0.15 ec. of fresh material. 


This powder came from the same batch 
of lyophilized fresh egg white. Two hours 
later, the animals were examined for signs 
of edema on the face and paws; the degree 
of the edema was recorded according to a 
scale of 0 to +++. The results are 
summarized in Table 1, where the inci- 
dence and the severity of edema are ex- 
pressed as a per cent of the maximum 
possible. 

The data reveal that the threshold of 
activity of “ Antistine”, “ Benadryl” and 
“Néo-antergan” is approximately 10, 4 
and 4 mg., respectively. All the animals 
injected with 10 mg., and part of those 
injected with 7 mg., of “Benadryl” and 
“Néo-antergan” presented signs of hyper- 
excitability (violent excitement, convul- 
sions, ataxia), followed by a secondary 
depression. Respiratory failure and death 
occurred in some animals receiving the 
larger doses. These signs contrast with 
those found in man which consist of seda- 
tion, drowsiness, muscular aching, pelvic 
heaviness and mild nausea?" A few 
days after the injections, we observed in 
some animals, especially in those on high 
dose levels, ulcerations in the area of 
injections subsequent to local necrosis. 
This confirms previous observations made 
by Mayer et al.,!° who attributed the effect 
to the local anesthetic properties of the 
antihistaminic substances. 

Although it has already been demon- 
strated that antihistaminic substances 
have a very short duration of action, we 
investigated the possible effect of “ Bena- 
dryl” on subsequent injections of egg 
white. Rats, which received a dose of 
“ Benadryl” sufficient to inhibit the edema 
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reaction, were given, as well as controls, 
the following day the same dose of egg 
white. All the animals reacted the same 
way: incidence of 100% for both groups 
and intensity of 53 % for the “ Benadryl”’- 
treated rats and 50% for the controls. 
“ Benadryl” has therefore no effect on the 
sensitivity of egg white injected in subse- 
quent days. 


LEGER, MASSON: EFFECT OF ANTIHISTAMINIC SUBSTANCES ON EDEMA 


The only reference found regarding “ Anti- 
stine” indicates only that it prevents 
anaphylactic shock in rabbit.” In the 
test based on the protection from lethal 
intravenous doses of histamine, “ Neo- 
antergan”’ is approximately 25 times more 
active than “Benadryl”.> Preliminary 
studies® indicate on the other hand that 
the difference in the antianaphylactic 


TABLE 1.—EFFEcCT oF VARIOUS ANTIHISTAMINIC SUBSTANCES ON THE EDEMA CAUSED BY 
WHITE IN THE RaT 


Group Compound Doses in mg. Response* Incidence % Intensity % 
I Antistine 10 0(9), + -+4+(1) 10 5 
II 7 0(6), + (3), +-++(1) 40 15 
III e 4 0(5), +(2),+—++4 (3) 50 22 
IV = 2 0(3),0—+(1), +(2), +-++4+(1), 70 38 

V Benadryl 10 0(10) 0 0 
VI ™ 7 0(10) 0 0 
VII 4 o(s), +(1), + —-+4+(1) 20 8 
vill 2 0(4),0—+(3), +-+4+(1), ++(1) 60 20 
IX Néo-antergan 10 0(10) 0 0 
x _ 7 0(10) 0 0 
XI sig 4 0(8), +(1), ++(1) 20 10 
XII 2 0(3),0—+(1), +(1), 70 33 
XIII 0(2),0—+(4), +(1), +-+4+(1), ++ (2) 80 25 


* Edema of face and paws recorded according to a scale of 0 to +++. 
The number of animals giving the same response is indicated in brackets. 


In connection with this study, it was of 
interest to ascertain whether “ Néo-anter- 
gan” was detoxified by the liver or elimi- 
nated through the kidney. For this pur- 
pose, partially hepatectomized rats and 
completely nephrectomized rats were in- 
jected with a dose (4 mg.) of “Neéo- 
antergan” just insufficient to produce 
toxic symptoms. If one of the above-men- 
tioned organs played a rdéle, there would 
be accumulation of antihistaminic sub- 
stances in the organism to the point where 
the animals would present signs of excita- 
bility and convulsions. This experiment 
showed that the partially hepatectomized 
and the completely nephrectomized rats 
behaved like normal animals receiving the 
same dose of “ Néo-antergan.” It can be 
assumed that it is detoxified at its points 
of attack, that is, in all the tissues. 
Discussion. Lack of information pre- 
vents us from comparing accurately the 
ratio of potency of the 3 antihistaminic 
drugs as measured in the egg white edema 
test with that obtained with other tests. 


activity of the 2 compounds is not as great 
as that shown against histamine shock. 
This observation is in agreement with the 
results obtained by our method, since 
“Benadryl” and “Néo-antergan” are 
equally potent in preventing the formation 
of edema. 

Although the present investigations 
tend to demonstrate that histamine is 
responsible for the formation of egg white 
edema, it must be pointed out that the rat 
is very resistant to histamine and to ana- 
phylactic shock; the lethal dose of hista- 
mine is about 500 mg. per kg. and ana- 
phylactic shock is rarely fatal under the 
best experimental conditions.’ This would 
indicate that there is no necessary correla- 
tion between general and local sensitivity. 
Another example is found in the mouse 
which is highly resistant to histamine, but 
which can develop severe anaphylactic 
shock. In this connection, it is interesting 
to note that Mayer and Brousseau" found 
that, although antihistaminic substances 
are effective in anaphylactic shock in mice, 
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they are not antagonists, but synergists 
of histamine. Similar experiments which 
we performed with “ Néo-antergan” show- 
ed that in the rat, on the other hand, 
this compound at the dose of 70 mg. per 
kg. alleviated symptoms elicited by intra- 
venous or intraperitoneal injections of 
250 mg. per kg. of histamine and pre- 
vented formation of appendicitis, as de- 
scribed by Selye.° Without contesting 
the fact that antihistaminic substances 
may, under certain conditions, possess 
opposite pharmacologic activities, it must 
be kept in mind that antihistaminic drugs 
and histamine at high dose level are toxic, 
so that the increased death rate of the 
animals could be the result of summated 
toxicities. 

It is interesting to note that the anti- 
histaminic drugs are especially effective 
in relieving the symptoms of angioneu- 
rotic edema, a condition which resembles 


the experimentally produced egg white 
edema.!?:92.14 We have no direct proof 
that histamine-release plays a réle in the 
egg white edema. However, since the 
antihistaminic drugs inhibit this response, 
the possibility has to be considered. In 
any event, the test for the ability of anti- 
histaminic drugs to inhibit the egg white 
reaction would appear useful as an addi- 
tional index for their effectiveness in 
counteracting the angioneurotic edema, 
whatever their pathogenesis may be. 
Summary. The edema produced in the 
rat by intraperitoneal injection of egg 
white can be inhibited by antihistaminic 
drugs. Although there is no direct proof 
that this edema is due to a local release 
of histamine, it appears that the test for 
the ability of antihistaminic drugs to | 
inhibit the egg white reaction would be 
useful as an additional index for their 
effectiveness against similar conditions. 


The expenses of this investigation were defrayed by the Sugar Research Foundation, Inc., through 
a grant administered by Dr. H. Selye. The antihistaminic drugs were generously supplied, by Ciba 
Company, Limited, Montreal (Antistine), Parke, Davis and Company, Detroit (Benadryl) and Poulenc 


Fréres du Canada, Montréal (Néo-antergan). 
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CONSTITUTIONAL REACTIONS AND MACULZ CERULEZ ATTENDING 
PHTHIRIASIS PUBIS 


By Stuart A. Sarpi, M.D. 
ASSISTANT RESIDENT IN MEDICINE 
AND 
JosEPH FarrinctTon, M.D. 


FELLOW IN DERMATOLOGY 
CINCINNATI, OHIO 


(From the Department of Medicine and the Department of Dermatology and Syphilology, College of 
Medicine, University of Cincinnati, and the Cincinnati General Hospital) 


To our knowledge, there has been no 
published evidence that the pubic louse 
may produce febrile reactions caused by 
toxins introduced by its bite. As pointed 
out by Jamieson,’ the peculiar pigmenta- 
tion described as macule cerulez has been 
associated with pubic lice since the year 
1868 when the relationship was discovered 
by Falot and Moursou. Jamieson also 
came to consider these lesions pathog- 
nomonic of Phthiriasis pubis and cited 3 
cases of macule cerulee associated with 
different febrile diseases. He clearly indi- 
cated the confusion which might result 
from such coincidences. These lesions, 
associated with the local annoyance at- 
tending such infestations, particularly in 
individuals having thin, light colored 
skin, occur as pea- to dime-sized grayish 
blue stains over the chest, abdomen, thighs 
and upper arms. They do not fade on 
pressure and are believed to be due to 
some reaction of the host to the parasite. 
Duguet,' by his studies in 1880, including 
inoculation with the juice of crushed 
pediculi, believed that he demonstrated 
that the lesions arise from the subcutaneous 
deposition of pigment occurring in the 
body of the parasite. Inoculation of 
heated extracts of the lice produce no 
reaction.2, Montgomery® believes that 
these lesions are the direct result of the 
action of the saliva of the pediculi on the 
hemoglobin of the host turning it green. 
This occurs in the small hemorrhages situ- 
ated in the skin and appears as bluish 
pigmentations shining through the horny 
layer. Histologic studies have shown no 
cause for the pigmentation. Moore‘ re- 


ported a febrile illness accompanied by 
chills, a rash and symptoms very similar 
to “grip” occurring in himself and as- 
sociate while allowing 700 to 800 “clothes 
lice”’ (Pediculus corporis) to feed on their 
arms. He suggested that these constitu- 
tional symptoms were due to a toxin, or 
toxins, introduced by the bite of the body 
louse. 

The difficulty in differential diagnosis 
on the admission of patients presenting 
such an association of symptoms and signs 
can be readily appreciated when one con- 
siders the gamut of diseases to be elimi- 
nated in the etiology of fevers of undeter- 
mined origin. Recently we were con- 
fronted with 2 such patients occasioning 
sufficient difficulty in diagnosis and specu- 
lation in etiology to warrant reporting. 


Case Reports. Case 1. C. R., a 20 year 


. old white single male, entered the hospital 


July 17, 1946, 18 days after discharge from 
the U.S. Army, complaining of pain in the 
right chest of 4 days duration. The patient 
had been in excellent health until July 12, 
when he noted a purulent urethral discharge 
and dysuria, coming on 2 days after sexual 
exposure. The following day, a private 
physician made a diagnosis of gonorrhea 
without a smear of the discharge and over 
a 3 day period gave the patient 160,000 units 
of penicillin. This was followed by the 
disappearance of the urethral discharge and 
dysuria on the 2nd day of therapy. The 
chest pain, beginning suddenly during the 
day of July 13, involved the entire right 
anterior hemithorax, radiating to the right 
shoulder, and was typically pleuritic in 
nature. On July 14, the patient experienced 
a true rigor followed by a subjective sensa- 


e 
V 
0 
r 
¢ 
f 
\ 


= 
4 
re 
co 
| of 
i 
= 
di 
| n 
| pt 
al 
a 
01 
st 
| 


SAFDI, FARRINGTON: CONSTITUTIONAL REACTIONS AND MACUL CERULEZ 309 


tion of fever, sweating and right fronto- 
parietal headache, the latter persisting until 
admission to the hospital. Within 24 hours 
general malaise became prominent. Nausea 
and vomiting of greenish fluid occurred 
twice. For 4 days prior to admission, ano- 
rexia was evident and mild non-productive 
cough was present. With the persistence 
of these symptoms he was sent to the hospi- 
tal by his private physician with a tentative 
diagnosis of “rheumatism” and venereal 
disease. His past history was non-contribu- 
tory and there was no history of previous 
parasitic infestations. 

The patient was a well-developed, well- 
nourished, decidedly blond youth who ap- 
peared to be moderately but acutely ill. His 
skin was of normal texture, flushed, moist 
and was covered with a vast number of 
adherent, yellowish or grayish specks which 
on microscopic examination proved to be 
Pediculosis pubis. There were numerous 
pea- to dime-sized, grayish macules with a 
steel-gray tint, distributed over the chest, 
abdomen, buttocks, thighs and upper arms. 
These lesions did not disappear on pressure. 
Many nits were demonstrable on the pubic 
hairs about 3 inch above the skin and rust- 


- colored or reddish specks of excrement 


could be seen. There was considerable 
excoriation of the skin from scratching. His 
eyes, ears, nose, mouth and pharynx re- 
vealed no abnormality. Heavy percussion 


over the right anterior rib cage and the . 


right upper quadrant of the abdomen pro- 
duced local discomfort. The lungs were 
clear to percussion and auscultation; no 
friction sound was heard at any time. A 
short, soft, Grade I, apical systolic murmur 
was the only. abnormality found on examin- 
tion of the heart. The remainder of the 
examination showed no abnormality. 

The temperature was 101° F. and the 
pulse was 80 per minute on admission, the 
former rising to 103° F. that evening. It 
then subsided in an irregular steplike descent 
to normal on the 7th hospital day. The pulse 
exhibited a relative bradycardia through 
most of the febrile period. The white blood 
cell count on admission was 12,700, of which 
77% were polymorphonuclears, 21% lym- 
phocytes, 1 % eosinophils and 1% monocytes. 
The red blood cell count and hemoglobin 
determination were well within normal limits. 
On 2 occasions the urine revealed only an 
occasional pus cell. The white blood cell 


count progressed as follows: July 18, 17,250; 
July 19, 16,000, with the differential essen- 
tially unchanged; July 20, 10,900 with 70% 
polymorphonuclear cells, 16% lymphocytes, 
9% monocytes, 4% eosinophils and 1% 
basophils. 

On July 17, blood culture was negative 
and blood urea nitrogen was 16 mg. per 
100 ce. On admission the chest Roentgen 
ray revealed clear lung fields as did a repeat 
examination on July 19. The Widal reaction 
was positive at a dilution of 1 to 320 and 
B. paratyphosus B was agglutinated up to 
1 to 160. (The patient had received typhoid- 
paratyphoid vaccine in the army, the last 
immunization was in August 1945.) Agglu- 
tination of the patient’s serum against B. 
paratyphosus A, Salmonella group and Bru- 
cella abortus was negative. The heterophil 
agglutination reaction was reported positive 
only through a dilution of 1 to 16. The 
Weil-Felix reaction was negative on July 23. 
Repeated blood cultures were negative. Spu- 
tum culture yielded no pneumococci. The 
blood icterus index was 5 and the cephalin 
flocculation test was 1+ in 48 hours. Blood 
Kahn was negative on July 17, on July 22 
and again on August 8. 

The patient received no specific therapy 
except general hygienic measures and the 
application of 10% thymol in olive oil for 
the pediculosis. On the 6th hospital day 
he was asymptomatic and was discharged on 
the 9th hospital day. The lice could no 
longer be seen; although somewhat faded, 
the maculz were still recognizable. 

Case 2. R.N., a 15 year old white male 
farm-hand from a neaby rural village, was 
sent by his local physician to the contagious 
division of the Cincinnati General Hospital 
on July 27, 1946, with a tentative diagnosis 
of poliomyelitis. 

The patient related a history of excellent 
health until 3 days prior to admission, when 
he awoke with aching, stiffness and weakness 
of both lower ‘extremities. In the next 
24 hours, lassitude, anorexia, chilly sensa- 
tions and subjective sensations of fever 
became prominent in the order named. On 
his initial visit to his family physician, 
July 25, the temperature was 102.6°. He was 
given undetermined oral medication with- 
out alleviation of symptoms. Intermittent, 
throbbing, frontal headache and an occasional 
mild hacking cough were admitted on ques- 
tioning. Except for several loose stools 
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following an enema the day before hospitali- 
zation, the patient had been constipated since 
the onset of his illness. 

On the farm, horses furnished his only 
direct animal contact. For 12 days prior 
to admission, he had been swimming in a 
local creek. His drinking water was derived 
from a well on the farm. Approximately 
1 week prior to admission, he had picked 
2 non-engorged, apparently unattached ticks 
off of his head. As far as could be ascer- 
tained, there had been no other cutaneous 
parasitism prior to his present infestation 
with lice. 

His past history was non-contributory 
except for an acute inflammatory process in 
the right knee at the age of 9 years. 

The patient was a well-developed, well- 
nourished lad appearing mildly but acutely 
ill. On admission his temperature was 
102.8° F., pulse 76 per minute and respira- 
tions normal. The face was flushed. He was 
blond and had a thin, light colored skin. 
In the hair of the pubis, axilla, abdomen and 
extremities numerous nits and a vast num- 
ber of lice were seen. Over the chest, abdo- 
men, buttocks, thighs and arms numerous 
typical macule cerulee were found. The 
bulbar and palpebral conjunctive were 
moderately injected. The upper pole of the 
left tonsil showed a mild vascular injection. 
The tonsillar nodes were enlarged and the 
posterior cervical chain of lymph nodes was 
palpable bilaterally, the left being larger 
than the right and was slightly tender. 
There were small,. palpable right axillary 
nodes and barely pa'pable inguinal nodes. 
The examination of the heart was marked by 
a blowing, Grade III, systolic murmur, most 
intense at the base and less so at the apex, 
transmitted as far as the mid-axilla. Ten- 
derness was elicited on compression of the 
left trapezius muscle. Spinal fluid examina- 
tion in the receiving ward of the contagious 
disease section revealed no abnormality. 

On admission to the medical service, the 
red blood cell count was 4,800,000 per c.mm.; 
the hemoglobin was 14.5 gm. per 100 ce. 
The leukocytes numbered 8400, with 74% 
polymorphonuclears, 25% lymphocytes and 
1% monocytes. On July 31, the leukocyte 
count was 9200, and on August 2, the leu- 
kocytes numbered 8600, with 58% poly- 
morphonuclears, 34% lymphocytes, 3% 
monocytes, 4% eosinophils and 1% baso- 
phils. No abnormal cells were observed. 


Urinalysis was negative except for approxi- 
mately 1 granular cast per high power field. 
The spinal fluid exhibited no abnormalities. 
On July 27, blood culture and blood Kahn 
were negative. Serum agglutination for 
Bacillus typhosus and Brucella abortus was 
negative on July 27 and August 5. Agglu- 
tination against the heterophil antigen was 
negative on July 31 and August 5. No 
pathogens were cultured from the stool on 
3 successive days. The cephalin flocculation 
test was negative in 24 hours, 1+ in 48 
hours. On August 5, blood specimens were 
sent to the National Institute of Health, 
Bethesda, Md., and complement fixation 
tests for endemic typhus and Rocky Moun- 
tain spotted fever and agglutination tests 
of the patient’s serum against B. proteus 
OX-19 were reported as negative. 

Microscopic examination of several of the 
parasites showed them to be 0.5 to 0.1 mm. 
in length, with their breadth almost equal 
to their length. The thorax and abdomen 
were not divided and the heads of these lice 
were seated squarely on the body. Eight 
teat-shaped feet terminating in pointed claws 
were attached to the margin of the abdomen. 
These parasites were of grayish yellow color 
and were more or less translucent. 

On July 28, biopsy of one of the pigmented 
skin lesions was taken. Microscopic sections 
were reported as follows: “Microscopic ex- 
amination shows an essentially normal epi- 
dermis and corium. An occasional cell 
(chromatophore) laden with brown pigment 
granules is present in the papillary corium. 
There are no evidences of inflammation.” 

On the basis of these findings, a diagnosis 
of Phthiriasis pubis was made. The patient 
was treated with general hygienic measures 
and Cuprex (Merck), a copper salt in an or- 


ganic solvent, was applied daily to all hairy 


portions of the body. The temperature sub- 
sided and was normal in 24 hours. The 
patient was free from symptoms of disease. 
At the end of the 2nd hospital day, however, 
the temperature began to rise and reached a 
maximum of 101° F. During the course of 
reéxamination of the patient at this time, 
a large number of pediculi were found cover- 
ing the lumbar back and buttocks. These 
had escaped detection and treatment. The 
parasites in these areas were promptly 
eliminated. On the evening of the 3rd hospi- 
tal day the temperature returned to normal 
where it remained throughout his hospital 
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stay. All lice and nits had disappeared by 
the time of his discharge, free from symp- 
toms of disease, on the 10th day... The 
macule cerulee had faded by the 7th day. 


Summary. 1. Two cases are reported 
showing moderately severe constitutional 
reactions and macule cerules accompany- 
ing massive infestation with pubic lice. 

2. Both cases were hospitalized with 


tentative diagnosis of more serious import 
and presenting all the problems in differ- 
entiation of fever of obscure origin. 

3. Rapid and complete recovery fol- 
lowed eradication of the parasites. 

4. The possibility of an acute febrile ill- 
ness resulting from toxins introduced by 
the bite of pubic lice, as suggested by 
these 2 cases, deserves consideration. 
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IN an attempt to clarify the relation 
between hypertension and arteriolar sclero- 
sis, many investigators have studied the 
state of the arterioles in the organs and 
tissues of hypertensive patients. Most of 
these studies have been devoted to the 
qualitative aspects of the histologic 
changes in the arterioles, but this review 
will deal mainly with the results of the 
relatively small number of investigations 


in which the arteriolosclerotic process has. 


been studied by more or less quantitative 
methods. The histologic grading of de- 
grees of severity of a complex process such 
as arteriolosclerosis must obviously depend 
on the use of arbitrary criteria, therefore 
the data obtained by this method of study 
are only semi-quantitative, although the 
results are of definite comparative value 
as long as the criteria are clearly stated 
and uniformly applied to any one investi- 
gation. 

Methods of Study. Several authors 
have tried to compensate for the subjective 
element in the grading of arteriolar sclero- 
sis by measuring the dimensions of repre- 
sentative samples of the arterioles in 


various organs and tissues, the most 
widely used method being that of 
Kernohan, Anderson and Keith.”° In this 
technique, 2 measurements of the diameter 
of the lumen (L) and 4 measurements of 
the width of the arteriolar wall (W) are 
made on 5 to 10 arterioles in tissue sections 
prepared and stained by standard meth- 
ods. Unfortunately, Kernohan, Ander- 
son and Keith reported their measure- 
ments in terms of the “lumen/wall ratio” 
(L/W); therefore, their published results, 
and those of other authors who have 
adopted their technique, do not usually 
give any direct information on the average 
size of the lumen of the arterioles, since 
low values of L/W may be due to an in- 
crease in the value of W with or without a 
simultaneous decrease in the value of L. 
In evaluating the significance of such 
measurements, allowance must be made 
for variations in arteriolar dimensions 
caused by postmortem contraction of the 
vessels and by shrinkage of tissue during 
fixation. For example, MacWilliam and 
Mackie*’ found that these sources of error 
may cause variations of 25 to 100% in the 


* Research Fellow of the American College of Physicians for 1946. Now Assistant Professor of 


Medicine, McGill University, Montreal, Canada. 
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width of the lumen and as much as 30% | 
in the thickness of the media of arteries, 
while Andrus' and Lisa, Eckstein and 
Solomon™ came to the conclusion that the 
discrepancies are so large and unpredict- 
able that measurements on fixed material 
are practically valueless. Moritz and Oldt,”® 
working with the arterioles of skeletal 
muscle, found that errors due to wide 
variations in histologic technique were no 
greater than those involved in the use of 
the measuring micrometer, but they were 
of the opinion that the overall precision 
of the technique was too low to allow 
much reliance to be placed on data based 
on measurements of 5 to 10 arterioles in 
each section. However, in spite of the 
obvious validity of these criticisms, it is 
probable that some of the sources of error 
tend to neutralize each other, since the 
figures obtained by different authors who 
have used the Kernohan technique agree 
surprisingly well, not only with each other, 
but also with the results of Moritz and 
Oldt, which were based on the measure- 
ment of 75 arterioles in each section. 

The dimensions of the arteriolar bed 
may also be studied by injection methods 
which involve the use of radio-opaque 
solutions as described by Graham,” and 
others. This method provides an excellent 
means of studying the architectural pat- 
tern of the vascular tree, but the neoprene 
injection-corrosion technique of Duff and 
More’ seems to offer a more satisfactory 
method of making accurate measurements 
of the width of the lumen of individual 
arterioles. Only preliminary studies have 
been reported with this technique, but 
much valuable information will un- 
doubtedly be obtained by the wider 
application of this method to the study 
of the arteriolar bed of the kidney and 
other organs of hypertensive patients. 

The Histologic Characteristics of Arteri- 
olar Sclerosis. Most authors agree that 
arteriolosclerosis is a composite process 
which involves the simultaneous occur- 
rence of one or more of a number of 
different pathologic changes in the arteri- 
olar wall. The individual components of 


the arteriolosclerotic process include inti- 
mal hyalinization, collagenous intimal 
thickening, elastic intimal hyperplasia, 
endothelial hyperplasia, medial hyper- 
trophy, medial degeneration, adventitial 
fibrosis, productive endarteritis and ne- 
crotizing arteriolitis. The characteristics 
of some of these processes, such as intimal 
hyalinization and elastic intimal hyper- 
plasia, are accepted by all observers, but 
there are still considerable differences of 
opinion regarding the frequency of occur- 
rence of some of the other components of 
the arteriolosclerotic process. For example, 
many authors do not recognize hyper- 
plasia of smooth muscle cells as a common 
feature of arteriolar sclerosis, while even 
those who are convinced of its existence 
admit that true medial hyperplasia cannot 
always be differentiated from the artefact 
produced by postmortem contraction of 
the vessel wall. A similar difference of 
opinion exists in regard to endothelial 
hyperplasia, but productive endarteritis 
and necrotizing arteriolitis are widely 
recognized as the characteristic lesions of 
the renal end-stage of so-called “malig- 
nant” hypertension. 

The highly variable appearance of the 
lesions which may be classified under the 
general heading of arteriolosclerosis is due 
partly to normal variations in the structure 
of the walls of arterioles of different sizes, 
partly to differences which are character- 
istic of the arterioles in various organs and 
tissues, and partly to variations in the 
severity and duration of the hypertensive 
process in different patients. It is in- 
evitable, therefore, that attempts to grade 
the severity of arteriolosclerosis will be 
subject to relatively large errors, and this 
must be borne in mind in evaluating the 
data presented below. 

Tue Renat ARTERIOLES. (a) Quanti- 
tative Grading of Arteriolar Sclerosis. The 
most important semi-quantitative studies 
of the incidence and severity of renal 
arteriolosclerosis in hypertensive patients 
are those of Bell and Clawson* (1928), 
Moritz and Oldt?® (1937), Castleman and 
Smithwick® (1943), and Bell? (1946). 
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Bell and Clawson* studied autopsy 
material from 420 hypertensive patients, 
and graded the degree of renal arterio- 
losclerosis in 368 cases as slight, moderate 
or severe, on the basis of the amount 
of subendothelial hyalinization. These 
authors restrict the term “arteriole” to 
the afferent glomerular arterioles only, 
and they make no mention of other 
changes such as medial hypertrophy and 
endothelial hyperplasia. The average age 
of the patients in this series was about 56 
years. 

Bell? has recently reported a much 
larger series based on a study of autopsy 
material from 1180 hypertensive patients 
and 449 controls. The degree of arterio- 
losclerosis was graded separately in 
the “arterioles” (afferent glomerular 
arterioles) and “ pre-arterioles” (terminal 
portions of the interlobular arteries) on 
the basis of intimal changes only. Four 
grades of severity were distinguished, 
namely: 0, 1, 2, and 3, as well as a sub- 
group of grade 1 which was called 1p to 
indicate that the intimal involvement was 
partial rather than diffuse. Excluding 
those cases in which the diagnosis of 
essential hypertension was not fully 
established, results are given for 500 
hypertensive patients who died of causes 
other than renal failure, and for 309 non- 
hypertensive controls. The average age 
of the hypertensive patients in this series 
was about 58, and the average age of the 
controls about 68 years. 

Moritz and Oldt®® studied autopsy 
material from 100 hypertensive patients 
and 100  non-hypertensive controls 
matched for age, sex and race. They used 
the term “arteriole” to include the 
afferent glomerular arterioles and the 
terminal branches of the interlobular 
arteries up to an outside diameter of 100 
microns, and they graded the severity of 
the arteriolosclerotic process as mild, 
moderate or severe, on the basis of a 
composite assessment of subendothelial 
hyalinization, medial hypertrophy and 
endothelial hyperplasia. The average age 
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of the patients in this series was about 53 
years. 

Castleman and Smithwick° studied small 
biopsies of the renal cortex obtained from 
100 hypertensive patients who were sub- 
jected to the operation of lumbodorsal 
sympathectomy. Their grading of arteri- 
olar sclerosis was based on the evaluation 
of intimal hyalinization, medial hyper- 
trophy and endothelial hyperplasia in 
vessels up to a maximum outside diameter 
of 100 microns. They reported their 
results in five grades (0, 1, 2, 3, and 4), 
but from their description it seems likely 
that their grades 3. and 4 are roughly 
comparable to the grade 3 of other authors 
who have used the 0-3 system. The results 
of Castleman and Smithwick are of 
special interest from the clinical point of 
view because the average age of their 
patients was only 40 years as compared 
with 53 to 58 years for the 3 autopsy 
series. The validity of the biopsy method 
has been severely criticized by Goldblatt,!° 
because of the small amount of tissue 
available for examination, but there is no 
reason to suppose that the admittedly 
large sampling error of the technique would 
be more likely to lead to an underestima- 
tion than to an overestimation of the de- 
gree of arteriolar sclerosis. In any event, 
the fact that the biopsy method is open to a 
certain amount of justifiable criticism 
should not be given undue weight, since 
the data summarized in Table 1 show that 
the results of the biopsy study are in 
essential agreement with the results of 
other investigations which involved the 
use of autopsy material. 

The data presented in Table 1, as well 
as the results of other investigators who 
have studied the problem,* show that 
organic changes in the renal arterioles are 
present in almost every case of hyper- 
tension, but the complete absence of renal 
arteriolosclerosis in a small percentage of 
cases is an equally clear-cut finding which 
must not be ignored in the formulation of 
any hypothesis which seeks to explain the 
exact nature of the relation between hyper- 
tension and renal arteriolosclerosis. 
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(b) The Size of the Lumen of the Renal 
Arterioles. A common error in the inter- 
pretation of findings such as those pre- 
sented in Table 1 is the assumption that 
the presence of even the least severe grades 
of renal arteriolosclerosis implies the 
existence of a significant degree of 
mechanical obstruction of the renal circula- 
tion. This tendency to ignore the quanti- 
tative aspects of the problem has been 
criticized by Kimmelstiel and Wilson,”! 
and the validity of this criticism would 
seem to be upheld by the fact that the 
literature contains surprisingly few reports 


the thickness of the wall, although it is a 
matter of common observation that nar- 
rowing of the lumen and increase in the 
thickness of the wall of the renal arterioles 
are both frequently present in the kidneys 
of hypertensive patients. However, several 
authors including Léhlein® (1917), Jaffé!” 
(1925), Fishberg®* (1925), and Moritz and 
Oldt?® (1937) have described dilatation of 
the afferent glomerular arterioles as one 
of the characteristic features of the renal 
vascular bed in the earlier stages of hyper- 
tension. This somewhat surprising ob- 
servation does not seem to have attracted 


TABLE 1.—INCIDENCE AND SEVERITY OF ARTERIOLAR DISEASE IN THE KIDNEYS OF HYPERTENSIVE 
AND NON-HYPERTENSIVE PATIENTS 


Grade of Arteriolosclerosis 
Slight and 
Type of Average None moderate Severe - 
Author material Number age (per cent) (per cent) (per cent) 
Hypertensive Patients 
Bell and Clawson’ . . Autopsy 368 56 10.6 44.5 44.9 
Moritz and Oldt?® . .  . Autopsy 100 53 3 50 47 
Castleman and Smithwick* . . Biopsy 100 40 7 46 47 
500 58 17.5 50.9 31.6 
Non-hypertensive Controls 

Bell and Clawson’ . . Autopsy 
Moritz and Oldt?® . . . . . Autopsy 100 53 88 12 0 
Castleman and Smithwick® . . Biopsy 


TABLE 2.— MEASUREMENTS OF THE ARTERIOLES IN THE KIDNEYS OF HYPERTENSIVE PATIENTS 


Authors 
Pilcher and Schwab** 


Cain‘ . 


Foa et al.® 


No. of Type of 


patients hypertension L/w* 
6 Controls 2.11 

15 Essential 1.13 

9 Controls 1.83 

27 Malignant 0.63 
13 Essential 0.61 


* Ratio of arteriolar lumen to width of wall. 


of actual measurements of the degree of 
narrowing of the arterioles in the kidneys 
of hypertensive patients, especially in the 
early stages of the disease. 

The results obtained by 3 groups of 
investigators who employed the Kernohan 
technique are shown in Table 2, but the 
only conclusion which can be drawn from 
these limited studies is that the L/W ratio 
of the renal arterioles of hypertensive 
patients seems to be reduced to about 
one-half the normal value. Unfortu- 
nately, none of the authors gave separate 
figures for the diameter of the lumen and 


much attention, although Bell and Claw- 
son® state that dilatation of the afferent 
arterioles was rarely observed in their 
material. 

Another interesting description of the 
characteristics of the vascular bed in the 
kidneys of hypertensive patients has been 
given by McMahon* on the basis of care- 
ful measurements on 100 kidneys from 
normal and hypertensive patients. He 
noted that in normal kidneys the lumen of 
the vascular channels decreased very 
gradually as one passed from the arteries 
into the arterioles, while in hypertensive 
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kidneys the rate of decrease in the size of 
the lumen was much more rapid. He 
interpreted his findings as evidence of the 
occurrence of a relative dilatation of the 
arteries and a relative constriction of the 
arterioles in the hypertensive kidneys. 
A somewhat similar picture of the general 
architecture of the vascular system of 
hypertensive kidneys was obtained by 
the radiographic injection technique of 
Graham,” but the neoprene injection- 
corrosion technique of Duff and More’ 
would seem to be the method of choice for 
future studies of this aspect of the renal 
circulation. 

(c) Changes in the Juaxta-glomerular 
Apparatus. A brief consideration of the 
possible significance of the juxta-glomeru- 
lar apparatus in the pathogenesis of hyper- 
tension is relevant to the present discussion 
because Goormaghtigh" and others believe 
that this structure exercises a measure of 
control over the renal circulation. Accord- 
ing to Goormaghtigh" the juxta-glomeru- 
lar apparatus consists of a group of special- 
ized afibrillar smooth muscle cells which 
are situated in the walls of the afferent 
arterioles close to their point of entrance 
into the glomerulus. A characteristic 
feature of the cells of the juxta-glomerular 
apparatus is the presence of granules which 
can be seen in sections stained by Masson’s 
trichrome method, although the ease with 
which these granules can be demonstrated 
varies greatly from one species to another. 
On the basis of extensive studies of the 
behavior of the juxta-glomerular ap- 
paratus in experimental renal hyperten- 
sion, Goormaghtigh has evolved the 
hypothesis that these cells constitute an 
endocrine organ whose function is to 
secrete renin, and thereby to initiate the 
renin-hypertensinogen-hypertensin pressor 
mechanism. Although Goormaghtigh him- 
self has made only preliminary observa- 
tions on human kidneys, Kaufmann’ has 
studied the juxta-glomerular apparatus 
in the kidneys of 400 patients, and has 
found evidence of hyperplasia of the 
afibrillar cells in the renal arterioles of 
hypertensive patients. Oberling,*! on the 
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other hand, who also studied the juxta- 
glomerular apparatus in several hundred 
human kidneys, came to the conclusion 
that the characteristic lesion in hyper- 
tensive patients is not hyperplasia but 
degeneration of the afibrillar cells. As a 
result of this observation, Oberling has 
modified Goormaghtigh’s hypothesis by 
postulating that the juxta-glomerular ap- 
paratus normally exerts a depressor effect, 
which is reduced or eliminated in hyper- 
tensive patients. However, Castleman 
and Smithwick® were unable to confirm 
the observations of either Kaufmann or 
Oberling, since they did not detect any 
significant changes in the juxta-glomerular 
apparatus in renal biopsies from 100 


- hypertensive patients. It is evident, there- 


fore, that much further investigation is 
required before Goormaghtigh’s interest- 
ing hypothesis can be accepted as having 
direct applicability to the pathogenesis of 
essential hypertension in the human. 

(d) The Relation of Renal Arteriolo- 
sclerosis to Hypertension. The close cor- 
relation between renal arteriolosclerosis 
and hypertension has given rise to three 
schools of thought regarding the possible 
cause and effect relation between the two 
conditions, namely, (1) that hypertension 
is the sole cause of arteriolosclerosis, (2) 
that arteriolosclerosis is an “aging” pro- 
cess which may affect many organs, but 
which causes hypertension only when it 
involves the kidney, and (3) that hyper- 
tension and arteriolosclerosis are inde- 
pendent processes which often undergo 
parallel development, and are capable of 
intensifying one another in the later stages 
of their evolution. The first of these views 
is clearly untenable, because typical 
instances of renal arteriolosclerosis are 
encountered in non-hypertensive patients. 
Moritz and Oldt?® and Goldblatt!® are the 
principal proponents of the second hypoth- 
esis, which is based on the belief that 
the pathogenesis of essential hypertension 
is similar to that of experimental renal 


hypertension in animals. The existence . 


of a small percentage of hypertensive 
patients in whom no renal arteriolosclerosis 
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can be demonstrated is explained by 
Moritz and Oldt on the assumption that 
renal ischemia in these patients is caused 
by arteriosclerosis of the larger renal 
arteries, although Yuile,** in a recent 
review of the evidence on this subject, 
came to the conclusion that arteriosclerotic 
narrowing of the main renal artery must 
be considered one of the very rare causes 
of hypertension. Moreover, the occur- 
rence of renal arteriolosclerosis in the 
absence of hypertension constitutes an- 
other serious objection to the acceptance 
of the Goldblatt hypothesis, although 
Moritz and Oldt have sought to explain 
this finding by making the additional 
assumption that renal arteriolosclerosis 
does not cause hypertension except in the 
presence of certain other unknown factors, 
which are presumably absent in those 
individuals with renal arteriolosclerosis 
who do not have hypertension. More- 
over, even if these explanations are 
accepted at their face value, most ob- 
servers find it difficult to believe that any 
but the more severe degrees of arterio- 
losclerosis can cause sufficient renal 
ischemia to produce hypertension by the 
Goldblatt mechanism. Since there is no 
reliable method of calculating the degree 
of impairment of renal circulation which 
corresponds to any observed degree of 
renal arteriolosclerosis, the acceptance or 
rejection of the Goldblatt theory depends 
on differences in the interpretation of the 
functional significance of the observed 
pathologic changes, rather than on any 
serious disagreement as to the validity 
of the general conclusions drawn from a 
consideration of the results of studies 
such as those summarized in Table 1. 
However, in the absence of _ clear-cut 
physiologic evidence of the occurrence of 
significant degrees of renal ischemia in the 
early stages of essential hypertension, the 
majority opinion in the literature at the 
present time appears to have rejected the 
second hypothesis in favor of the third, 
which represents a compromise between 
the two extreme views. 

The idea that renal arteriolosclerosis and 
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hypertension are independent processes in 
the earlier stages of their development 
has been most clearly enunciated by 
Kimmelstiel and Wilson”! and by Bell,? 
although both of these authorities believe 
that hypertension and renal arteriolo- 
sclerosis are capable of intensifying one 
another in the later stages of their develop- 
ment. In conclusion, it should be em- 
phasized that the acceptance of this 
hypothesis does not imply a complete 
rejection of the possibility that the patho- 
genesis of hypertension may originate in 
some functional disturbance of the renal 
circulation. The crux of the argument is 
merely that the adherents of the third 
hypothesis do not believe that this cir- 
culatory disturbance can reasonably be 
attributed to simple mechanical obstruc- 
tion of the renal circulation by the rela- 
tively mild arteriolosclerotic lesions which 
are so often observed in the kidneys of 
hypertensive patients in the early stages 
of the disease. 

Tue ARTERIOLES OF SKELETAL MUSCLE. 
The state of the arterioles in skeletal 
muscle has been studied by several authors, 
not only because this tissue contains such 
a large fraction of the total arteriolar bed 
of the body, but also because of the ease 
with which samples of muscle can be 
obtained by biopsy. Table 3 presents a 
summary of the results obtained by 6 
investigators who have made measure- 
ments of the L/W ratio of the arterioles in 
skeletal muscle by the Kernohan tech- 
nique. 

In spite of the difficulties caused by the 
use of different classifications of hyper- 
tension and different definitions of the 
term “arteriole,” there is surprisingly 
close agreement between the figures re- 
ported by different authors. Apparently 
the normal L/W ratio of the arterioles 
of skeletal muscle is about 2.0, while in 
patients with moderately severe hyper- 
tension the ratio falls to about 1.4, and 
in the most severe cases to about 1.0. 
However, the results of the two studies 
in which separate figures are given for 
L and W suggest that the observed 
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decrease in the L/W ratio is due mainly 
to an increase in the thickness of the wall 
rather than to a decrease in the diameter 
of the lumen. On the basis of these find- 
ings, Foa, Foa and Peet® conclude that 
medial hypertrophy is the characteristic 
response of the arterioles of skeletal 
muscle to the stresses caused by the 
increased intravascular pressure, although 
Fishberg* did not observe medial hyper- 
trophy in the arterioles in skeletal muscle 
in 72 patients with essential hypertension, 
and Andrus! reported only fibrotic changes 
in the media in his series of 32 cases. It 


TaBLe 3.—SuMMARY OF RESULTS OF MEASUREMENTS ON THE ARTERIOLES OF SKELETAL MuscLE 


No. of 

Author Material patients 
Kernohan eal. . . . . Biopsy 50 
“ 18 

“ 23 

Moritz and Oldt?®> . . . Autopsy 38 


Keith etal.!® . . . . Biopsy 50 


Heyer and Keeton'® . . . Biopsy 14 


Foa et 36 
350 


skeletal muscle. In spite of the obvious 
incompleteness of the available data, a few 
tentative conclusions may be made re- 
garding the incidence of arteriolosclerosis 


in various parts of the body. 


(a) Gastro-intestinal Tract, Liver, Pan- 
creas, Adrenal. In general, the changes 
in the arterioles in these abdominal 
viscera are similar to those which occur in 
the kidney, but the distinction between 
the hypertensive and control groups is not 
as clear-cut, because there is a somewhat 
higher incidence of mild degrees of arteri- 
olar sclerosis in the controls, and a some- 


Type of Size of 

hypertension* 
Controls 25-100 2.0 
Benign 1.4 
Severe benign 
Malignant 
Controls 18-72 
Essential 
Controls 25-100 
Grade I 
Grade II 
Grade III 
Grade IV 
Controls 25-100 
Grade IV 
Controls 25-100 
Essential 
Malignant 
Acute nephritis 
Chronic nephritis 
Miscellaneous 
Controls 25-100 
All grades 


+ 
— 
on 


* Grades used in this column are those of the Keith-Wagener classification. 


+ These figures were calculated from the data shown in Figure 1 of the paper of Foa et al., because 
the figures given in the text were calculated on a different basis from that used by the other authors 


whose results are listed in Table 2. 


is also of interest that Graybiel, Allen and 
White" failed to demonstrate the expected 
difference in the L/W ratio in the arterioles 
of biopsy specimens of skeletal muscle 
taken from the arms and legs of 5 patients 
with coarctation of the aorta who had a 
moderate degree of hypertension confined 
to the upper extremities. 

THE ARTERIOLES IN OTHER ORGANS AND 
TissuEs. Table 4 presents a summary of 
the relatively small amount of data which 
has been obtained by the application of 
quantitative or semi-quantitative methods 
of study of tissues other than kidney and 


what lower incidence in the hypertensives, 


especially in the liver. The measurements 
on the arterioles of these 4 viscera show 
that the L/W ratio decreases in proportion 
to the séverity of the hypertensive state 
to about the same extent as in skeletal 
muscle (Table 3), the decrease in the ratio 
being due to simultaneous reduction in the 
diameter of the lumen and increase in the 
thickness of the wall. The pancreas and 
the adrenal are also mentioned by several 
authors as the commonest sites, apart 
from the kidney, for the occurrence of 
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necrotizing arteriolitis in cases of malig- 
nant hypertension. 


(b) The Spleen. 


The arterioles of the 


spleen are mentioned separately, because 


all observers agree that arteriolosclerosis 
is extremely common in the spleen even in 
non-hypertensive individuals, therefore 
the difference between the controls and the 


TABLE 4.—SuMMARY OF DaTA ON THE STATE OF THE ARTERIOLES IN VARIOUS ORGANS AND TISSUES 


Organ or 
tissue 


GI Tract 


Liver 


Pancreas 


Spleen 


Adrenal 


Thyroid 


Myocardium 


Brain 


Choroid 


Retina 


No. of 
Author 


Moritz and 100 
Oldt?* 


100 

Morlock*®® 60 
19 

43 

Moritz and 100 
Oldt?* 100 
Morlock®® 60 
13 

18 

Moritz and 100 
Oldt?* 100 
Morlock®® 60 

43 

Pilcher and 4 
Schwab* 14 
Moritz and 100 
Oldt?9 100 
Morlock®® 60 
19 

43 

Pilcher and 5 
Schwab* 15 
Moritz and 100 
Oldt?* 100 
Kyser’ 24 
39 

15 

Moritz and 100 
Oldt?* 100 
Odel*? 90 
45 

Pilcher and 4 
Schwab 15 
Moritz and 100 
Oldt?® 100 
Rosenberg* 15 
17 

Manlove?* 7 
15 

Manlove?8 4 
14 

Koch” 184 
50 

21 

21 


patients 


Arbitrary grading of arter- Micrometer 


T i m rements 
Essential 30 24 31 16 
Controls $1 22.9 10.8 
Grades II, III 1.5 19.2 13.6 
Grade IV 1.1 15.7 13.9 
Controls 87 7 4 2 
Essential 
Controls 2.3 21.1 9.5 
Grades II, III 1.5 17.0 11.7 
Grade IV io 13.7 12.2 
Controls 5 
Essential 13 14 2 47 
Controls 2.4 22.8 9.6 
Grades II, III 1.5 17.4 12.0 
Grade IV 2:2 17.3 13.9 
Controls 2.3 
Essential 1.4 
Controls. 
Essential 1 9 35 55 
Controls 1.3 18.2 14.3 
Grades II, III 1.15 16.5 14.3 
Grade IV 1.0 14.9 14.3 
Controls 1.3 
Essential 0.7 
Controls §8 2 11 6 
Essential 7 2 
Controls ¥ 
Grades I, II, III 1.6 
Grade IV 1.5 
Controls No arteriolosclerosis 
Essential 
Controls 2.1 21.0 10.0 
Grade IV 1.9 21.0 11.0 
Controls 2.0 
Essential 2.0 
Controls 83 10 7 0 
Controls 3.5 25.0 7.0 
Malignant ey 19.0 11.0 
Controls 7.2 
Malignant 3.3 
Controls 5.6 
Malignant 3.1 
Outside diameter meas- 
ured with ophthalmo- 
scopeon living patient. 
Controls 
Grade I 77 
Grade II 67 
Grade III 60 
Grade IV 46 


8.4 
11.3 
| 
11 
15 
| 


hypertensive patients is less striking than 
in the other abdominal viscera. 

(c) The Heart and Lungs. The qualita- 
tive studies of Moritz and Oldt?® as well 
as the measurements reported by Odel® 
and Pilcher and Schwab* show that the 
arterioles of the myocardium are seldom 
affected by significant degrees of arterio- 
losclerosis. It is doubtful whether the 
10% increase in the thickness of the wall 
of the arterioles in Odel’s series can be 
considered significant in view of the known 
experimental error of the Kernohan tech- 
nique. All observers agree that the 
arterioles of the pulmonary vascular bed 
are not affected in hypertension which is 
confined to the systemic circulation. 

(d) The Brain. The measurements made 
by Rosenberg* on the arterioles of the 
brain call attention to the wide lumen 
and thin wall which is characteristic of the 
normal cerebral arterioles, but his figures 
also show that there is a definite decrease 
in the lumen and an increase in the thick- 
ness of the wall in hypertensive patients. 
The data of Moritz and Oldt?® show that 
the incidence of arteriolosclerotic changes 
in the cerebral arterioles in an unselected 
group of hypertensive patients is about 
the same as in the liver, but Davison and 
Brill® observed widespread and _ severe 
arteriolosclerosis in the cerebral arterioles 
of hypertensive patients in whom cerebral 
symptoms were the predominant mani- 
festations. 

(e) Retina and Choroid. In view of the 
widespread use of the ophthalmoscopic 
examination of the retinal vessels as an 
index of the severity of the vascular disease 
in hypertensive patients, it is surprising 
that the literature contains so few detailed 
studies of the pathologic changes in the 
retinal arterioles. Greear'® has recently 
reviewed the literature on this subject and 
has correlated the ophthalmoscopic ap- 
pearance of the retina with the pathologic 
findings in a series of 16 cases. Koch” 
has also reviewed the literature dealing 
with in vivo measurements of the size of 
the retinal arterioles, and has reported 
a large series of additional measurements. 
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The most striking feature of the normal 
histology of the retinal arterioles is the 
fact that the media consists mainly of 
collagenous tissue with a very — small 
admixture of smooth muscle. Therefore 
it is impossible to differentiate sharply 
between subendothelial proliferation, 
medial hypertrophy, and _ perivascular 
fibrosis. The measurements reported by 
Manlove*® show that the characteristic 
change in the retinal arterioles of hyper- 
tensive patients is a considerable decrease 
in the diameter of the lumen and a cor- 
responding increase in the thickness of the 
wall. The ophthalmoscopic measurements 
of Koch” show that there is a progressive 
reduction in the caliber of the retinal 
arterioles as the severity of the hyper- 
tensive state increases, but the frequency 
of occurrence of reversible spasm in the 
retinal vessels is still a controversial point. 
Manlove’s measurements on the choroidal 
arterioles show that the changes in the 
L/W ratio are of the same order as those 
observed in the retina, but all authors who 
have compared the degree of arterio- 
losclerosis in the retinal and choroidal 
vessels agree that the changes tend to be 
more severe in the choroid. 

Summary. In this review, emphasis 
has been placed on those investigations in 
which an attempt has been made to obtain 


quantitative data on the state of the 


arterioles in various organs and _ tissues 
of hypertensive patients. A review of the 
published ‘results of such investigations 
shows that the data, though seriously in- 
complete in many important respects, are 
sufficient to justify the following pro- 
visional hypotheses concerning the relation 
between hypertension and arteriolosclero- 
sis: 

1. Arteriolosclerosis is a primary 
“aging” process, analogous to arterio- 
sclerosis of the large arteries, but modified 
in its histologic characteristics by dif- 
ferences in the normal structural properties 
of the walls of vessels of different sizes. 

2. In the absence of hypertension, the 
incidence of arteriolosclerosis increases 
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gradually with age, although the incidence 
and severity of the process vary widely 
in different parts of the body. For ex- 
ample, arteriolosclerosis is extremely com- 
mon in the spleen, but relatively infrequent 
in other organs such as the kidney. — 

3. In hypertensive patients, there is a 
marked increase in the incidence and 
severity of arteriolosclerosis, not only in 
the kidney, but also in almost all organs 
and tissues which have been studied by 
quantitative methods. However, all ob- 
servers agree that arteriolosclerosis is 
completely absent from the kidneys of a 
small but definite percentage of patients 
with undoubted essential hypertension. 
Moreover, although the evidence cannot 
be regarded as conclusive, the majority 
opinion in the literature at the present 
time does not support the hypothesis 
that renal ischemia of sufficient degree to 
initiate the Goldblatt pressor mechanism 
can be produced by the relatively mild 
degrees of arteriolosclerosis which are 
observed in the kidneys of a large per- 


centage of hypertensive patients, espe- 
cially in the early stages of the disease. 

4. The most satisfactory explanation of 
the available evidence would seem to be 
that arteriolosclerosis (an organic “ aging”’ 
process) and essential hypertension (a 
“functional” hemodynamic disturbance 
of unknown etiology) are both primary 
independent processes which may undergo 
parallel development, but which are 
capable of intensifying one another in the 
later stages of their evolution. 

The disappointingly inconclusive nature 


of these hypotheses, and the inadequacies 


of the data on which they are based, 
should call attention to the serious de- 
ficiencies which still exist in the informa- 
tion now available on the state of the 
arterioles in essential hypertension. It is 
hoped that this review may serve to em- 
phasize the need, not only for further 
studies by ordinary histologic methods, 
but also for the application of new tech- 
niques which will give a clearer picture of 
the hemodynamic characteristics of the 
arteriolar bed in hypertensive patients. 
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THE many years that Stockard gave 
to the clinical and experimental study of 
monstrosities and abnormal forms of life 
led him to regard them collectively as 
a disease entity."* He believed them 
susceptible of analysis in respect to cause 
and effect; and to conform to basic bio- 
logic laws. He did much to lift develop- 
mental arrests of man from the realm of 
medical curiosities and peculiar unex- 
plained aberrations of nature. Further- 
more, he introduced the concept in 1909 
that here was a problem of the public 


“which causes the death of about 23 % of 
the human race before or shortly after the 
time of birth and handicaps a certain 
proportion of the survivors throughout 
their lives.’’ 

That developmental arrests are some- 
thing more than a collection of isolated 
events affecting scattered individuals, that 
collectively they constitute a problem of 
= grouped populations and have community 
— health significance has been an attitude 

of slow evolution. Yet the pattern of this 
developing appreciation is not unlike that 
which has characterized most epidemio- 
logic problems in public health, from the 
communicable diseases through cancer 
and diabetes to automobile accidents. 

The initial interest in congenital anom- 


health—a mass phenomenon of disease - 
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alies was clinical. It led to a great 
collection of case reports as far back as 
the 17th century, naturally concerned 
with bizarre and unusual rather than 
minor malformations of more frequent 
occurrence. The next development was 
evident almost 200 years ago in an attempt 
at classification by purely morphologic 
criteria. Etiologic interpretation, sur- 
prisingly far advanced in 1832 by Geoffrey 
Saint-Hilaire,2* was given great impetus 
by numerous experimental! and 
embryologic”* studies at the beginning of 
this century. New momentum was added 
by epidemiologic observations of the past 
decade,!**> which confirm the existence of 
a public health problem. A concept of its 
nature begins to take form. Its extent in 
detail and design remains ill defined. 
What has thus far been brought out is 
perhaps best introduced by a brief con- 
sideration of the clinical nature of some of 
the congenital anomalies. If those of the 
head alone are even cursorily surveyed, 
no organ, tissue, or feature will be found 
to escape occasional anomalous develop- 
ment or even complete ablation. The 
most bizarre form is ablation of the whole 
head, or acephaly, which is not incom- 
patible with brief postnatal life. By com- 
parison, anencephaly approaches _ the 
natural—with the supernatural dicephalic 
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monster at the oposite extreme. Besides 
Janus there is Cyclops and a host of 
grotesque variations from the Greek faun 
of antiquity with his primitive ear to the 
“mongolian idiot,” incorrectly so desig- 
nated in 1866 by Langdon Down because 
of the slant eyes and brachycephalic head. 
The list of cephalic anomalies is merely 
begun. Microphthalmia, malformed ears, 
cleft palate, hare lip are common enough, 
but the names give no indication of the 
groupings of associated deformities or the 
transitional forms between such classes.* 
Is a mongoloid child with a cleft palate 
not just as logically an instance of cleft 
palate with associated mongolism? Is a 
boy with such a minor anomaly as a cleft 
uvula a normal individual or a patient 
with minimal cleavage of the palate? 
Such questions illustrate the difficulty 
of classifying developmental arrests mor- 
phologically. Practically, the problem 
has been met, though not solved, by the 
common selection of the most dramatic 
clinical deformity of an associated group 
in naming the condition. Thus, the single 
eye is the primary stigma which identifies 
cyclopia, while the constantly associated 
proboscis-like deformity of the nose is 
ignored. It is reasonable to believe that 
no one deformity is of greater biologic 
significance than another. Each is part 
of a broader pattern. Such patterns may 
well be significant in interpreting the 
peculiarities and reactions of host and 
agent which lead to their production. 
Clinical causes of developmental arrests 
have remained obscure, with perhaps one 
outstanding exception. The réle of syphilis 
has long been appreciated. The likelihood 
of the syphilitic mother to produce, after 
several abortions and a macerated fetus, a 
child showing Hutchinsonian stigmata 
followed by a normal child, is classical 
teaching. No attempt is made to discount 
the importance of hereditary factors in 
the general problem of congenital anom- 
alies, but at least they are not implicated 
in those developmental arrests of syphilitic 
origin, and probably not in most others. 
The morphologic characteristics of 


anomalous conditions provide a basis for 

their embryologic interpretation.“ Even 

when the cause of the associated arrests 

cannot be determined, the time of their - 
origin and the sequence of events there- 

after can often be delineated with reason- 

able accuracy. 

Epidemiology has thus far scarcely been 
concerned with this field. That a baby 
born with no head might have suffered 
from the same disorder as a baby born 
with two heads has seemed too absurd to 
warrant evaluation. The first is called 
acephaly, the second dicephaly, with the 
implication that they represent as many 
unknown diseases as there are names. 
When multiple deformities co-exist, one 
is ordinarily accorded primary emphasis 
and the others become secondary. When 
the deformity is severe, the child is a 
monster; when less severe, it is a develop- 
mental arrest; and when minimal it is 
regarded as inconsequential and of no 
significance. 

Epidemiologic events of the past decade 


‘now make evident that the principles 


discovered a generation ago to underlie 
abnormal forms of lower animal life, in all 
likelihood apply equally to human arrests. 
These principles based upon studies ac- 
cumulated through 200 years were clari- 
fied and formulated by Stockard* as 
follows: 

1. Every type of developmental monster 
known in the literature may be produced 
by one and the same experimental treat- 
ment. 

2. The same structural abnormality 
may be induced in the embryos of various 
species by a great number of different 
experimental treatments. 

3. The type of monster or deformity is 
determined by the developmental period 
in which the arrest is induced. 

It cannot be said, to be sure, that 
“every type of developmental monster” 


in man has been observed to follow . 


rubella, but certainly congenital cataract, 
heart disease, dental defects, microcephaly 
and mental retardation have been demon- 
strated as its occasional sequele.* 
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Early in 1941 Gregg, an ophthalmol- 
ogist,'.> noted among babies in Australia 
a relatively large number with congenital 
cataract. In 68 of the 78 collected cases 


-the child’s' mother was found to have: 


contracted rubella while pregnant. Prior 
to 1939-1940 no appreciable epidemic of 
this disease had existed in Australia for 17 
years. The opportunity had arisen for the 
accumulation of a large number of sus- 
ceptible young adults, including women 
in the child-bearing age.? Of seeming 
significance was the fact that so far as 
could be ascertained the rash had appeared 
with great regularity in the early months 
of pregnancy. Gregg hypothesized a 
causal relationship between rubella and 
the observed congenital defects. 

In order to determine the significance 
of Gregg’s observations a commission was 
established,***> headed by Swann, to con- 
firm the diagnosis and investigate the 
subsequent history of patients contracting 
an exanthematous disease during preg- 
nancy. The commission confirmed Gregg’s 
observation that maternal rubella was 
associated with subsequent developmental 
arrests of the lens and the heart. Maternal 
infection had occurred in 29 of 31 such 
instances during the first trimester of 
pregnancy. The series has been extended 
by other Of 


136 such cases analyzed by Conte et al,!° - 


72% had cataract, unilateral or bilateral; 
61% had mental retardation; and 58% 
congenital heart disease. At least 53% 
had multiple anomalies. The grouping 
of rubella by month of gestation is shown 
for 100 babies with developmental arrests. 
(Fig. 1.) 

The significant aggregation of cases in 
the first trimester confirms Gregg’s original 
hypothesis of a causal relation between 
maternally contracted rubella and develop- 
mental arrests. The data indicate that 
congenital cataracts and congenital heart 


disease, mental retardation, and dental 
defects characterizing these babies origi- 
nated as a rule in the first trimester of 
pregnancy. The epidemiologic data are 
entirely consistent with the embryologic 
fact that the lens* and heart? undergo 
definitive differentiation during that tri- 
mester of pregnancy. 

The actual risk of deformity to the fetus 
as a result of rubella in pregnancy is not 
indicated by the figures cited in the 
Australian studies. That the fetus may 
escape clinically evident arrests was shown 
by Swann and his co-workers®** and by 
Fox and Bortin; that the fetus may die 
was suggested by evidence presented by 
Aycock and Ingalls. The available epi- 
demiologic data were consolidated and ex- 
tended by Ober, Horton and Feemster.” 

Of 40 pregnancies complicated by 
maternal rubella in the first trimester, 
80% resulted in abortions or still births, 
32% in babies with congenital arrests, 
while 50% were apparently normal. Of 
36 instances of rubella in the second and 
third trimesters, 8% resulted in abortions 
or still births, 6% in babies with develop- 
mental arrests, and 86% in apparently 
normal infants. Minor arrests and minor 
degrees of mental retardation cannot be 
excluded without exhaustive studies and 
longer observation. 

These facts furnish definite epidemi- 
ologic evidence that an environmental 
agent operating after fertilization of the 
human ovum may kill the embryonic host 
or merely arrest the development of 
particular organs. The principle has long 
been accepted as regards syphilis, but its 
extension and application to such a simple 
disorder as rubella implies that other 
simple disorders are likewise effective 
agents in the production of arrests. 

Rubella is now revealed as an agent 
capable of acting during many weeks of 
early pregnancy to produce a variety of 


* Lens fibers are evident shortly after a month of gestation and “toward the end of the third month 
the primary lens fibers attain a length of 18 mm., whereupon they cease forming new fibers by cell 


division. ’’2 


{ “The critical period for the development of congenital cardiac defects is from the fifth to the eighth 
week of intrauterine life, during which the septa are forming, the bulbis cordis is undergoing involution, 


and torsion of the great vessels is taking place.’’4 
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arrests. By contrast, mongolism has 
recently been demonstrated by embryo- 
logic methods to be a syndrome of multiple 
arrests originating at about the eighth 
week of fetal life.% By epidemiologic 
methods, an association has been developed 
between mongolism and maternal uterine 
or systemic disease of varying nature, 
present or operating at about the stated 


were about 40 years, and most of the other 
group about 24 years old (Fig. 2). An asso- 
ciation between mongolism and relatively 
advanced age of the mother is clearly evi- 
dent, a circumstance of itself giving proof 
of a maternal factor operating in causation. 
The several irregularities in distribution 
at younger ages indicate that additional 
factors other than advanced age must 
operate. 


40 
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time.!®.19 
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Fic. 1.—Congenital defects (of the lens, heart, teeth skull and brain) following maternal rubella, by 
4 month of pregnancy.* 
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Fic. 2.—Age distribution of mothers of normal babies, United States 1934 (broken line) and of mothers 
(2822) of mongoloid babies (heavy line).® 


Bleyer® plotted the ages of 2,822 mothers 
who gave birth to mongoloid infants 
against the ages of more than 2,000,000 
mothers in the United States who produced 
normal infants during 1934. Most of the 
mothers producing mongoloid offspring 


Three factors have been identified in 
the causation of mongolism—gestational 
hemorrhage, mechanical disorders of the 
uterus, and intercurrent infection. Gesta- 
tional hemorrhage was associated with 
mongolism in 20.4 % of 216 mothers studied 
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by Schroeder,”® Beidleman®' and Benda.’ 
The incidence of gestational hemorrhage 
was less than 1 % in a series of 248 mothers 
producing normal babies.2® The time of 
the hemorrhage (Fig. 3) tended to cen- 
ter at the end of the second month of 
gestation.'* 
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In 9 of the 11 reported instances of inter- 
current infection complicating pregnancies 
productive of mongoloid children, the 
infections centered in the second and 
third months (Fig. 4). Three of the 9 were 
rubella;7° the others included in- 
fluenza 3,9 purulent otitis media 2 and 


HEMORRHAGES 
10 
e 
5 
® 
a e 
e 
e & e 
° 1 2 3 4 5 6 ts 8 9 


MONTH 


Fic. 3.—Distribution of maternal hemorrhages (24) by month of pregnancy of mothers (16) of 
mongoloid babies.'.6 
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Fic. 4.—Maternal infection and mongolism. Distribution of rubella (black dot) and other infections 
(white dot) by month of pregnancy.? 10.15.19 


By gynecologic examinations Schroeder 
found 26% of 99 mothers of mongoloid 
babies to have a significant degree of 
retroflexion or prolapse of the uterus, 
while only 5.5% of 248 mothers of normal 
babies had such abnormalities. Pathologic 
changes, including myomata of the uterus, 
were encountered more frequently in the 
older age group of the mongoloid series and 
corresponded in general with gestational 
bleeding. 


mumps. The number of cases is small but 
their occurrence at the period known to be 
significant for the production of mongolism 
is suggestive. 

Similar epidemiologic methods applied 
to encephalo-ophthalmic dysplasia (Retro- 
lental Fibroplasia) have confirmed Terry’s 
observation of an association with pre- 
maturity and multiple pregnancy.* Half 
of 26 patients whose birth weights are 
recorded, weighed under 3 pounds at 
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birth; two-thirds of a series of 77 infants 
weighed less than 5 pounds.”°% Further- 
more, it was found that 11 (14%) of 77 
mothers had multiple births; 8 (10%) had 
intercurrent infections; 3 (4%) had toxe- 
mia of pregnancy; 2 (3%) had placenta 
previa; and 18 (26%) gestational hemor- 
rhage. The relation of anomalies to the 
maternal condition was indicated by the 
frequency of toxemia of pregnancy, mul- 
tiple births, and placenta previa as com- 
pared with chance expectancy, and by the 
grouping of hemorrhages and intercurrent 
infections during or shortly after the 
second trimester of pregnancy.!* 


DOUBLE MONSTERS 
TRACHE! 


INFECTIOUS DISEASES 


logic criteria. At present, the positions 
of the post-rubella defects, mongolism and 
encephalo-ophthalmic dysplasia are the 
only prenatal patterns which have been 
confirmed by epidemiologic and embryo- 
logic evidence. The other examples of ar- 
rests acquire their position on embryologic 
evidence only. Evidence is not sufficiently 
refined for even the best observed agents, 
syphilis and rubella, to plot their precise 
temporal relationships to specific sequele. 
Indeed, for a chronic disease like syphilis, 
of necessity the period of activity must be 
inferred from the nature of the arrests 
rather than measurable clinical manifesta- 
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CONCEPTION GESTATION BIRTH — POST-NATAL LIFE 
Fic. 5.—Schematic presentation of the origin of developmental arrests. 


The general implication of these several 
phenomena is that they are the clinical 
expression in man of the principles dem- 
onstrated to operate in lower animals. 
This relation can be illustrated by ar- 
ranging established patterns of grouped 
arrests as ordinates along a base line 
representing periods of fetal development 
(Fig. 5). 

If agents proven or suspected of pro- 
ducing arrests are plotted as abscisse, 
a grid results on which certain points 
represent associated cause and _ effect 
judged by epidemiologic as well as embryo- 


tions. Further refinement of knowledge 
can be expected to come by relating the 
acute rather than the chronic illnesses of 
pregnancy to their arrests. Since a con- 
siderable clinical error is often present in 
respect to actual date of conception, this 
method of approach presents obstacles. 
The specific implications to be derived 
from these collected observations on 
rubella, mongolism and encephalo-oph- 
thalmic dysplasia are first, that epidemio- 
logic methods of study may profitably be 
applied to investigation of many chronic 
diseases of the child originating in the 
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developmental period of life, where the 
origin is not clearly due to hereditary 
factors. These conditions would presum- 
ably include a considerable segment of the 
diseases of human beings. Some become 
apparent only after many years. 

Secondly, if mechanical disorders of the 
uterus, placental hemorrhage and inter- 
current infections are causative factors in 
respect to certain recognized arrests at 
particular periods of gestation, then it is 
reasonable to assume that they may 
operate at other periods. That rubella has 
thus far been identified only with arrests 
of the first trimester may prove to be more 
apparent than real. Consequences of an 
entirely different nature and conspicuous- 
ness would be expected to follow the 
disease in the second and third trimesters. 
For example, the demonstration of spina 
bifida in possible relation to such an illness 
would take an entirely different technic 
(radiologic) to prove or disprove, as 
compared with congenital cataract (oph- 
thalmologic). 

Summary and Conclusions.—The period 
of prenatal development is of crucial 
significance in shaping the individual’s 
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ultimate physical status. Disease of the 
mother reacting on the fetus may result 
in death, disability, or recovery without 
residual effect (i. ¢., escape) on the 
infant. Maternal intercurrent infection, 
metabolic diseases and mechanical dis- 
orders of the uterus are the principal 
agents. Rubella to date is the best 
example with its arrests demonstrably 
related to development during the first 
trimester of pregnancy. Those of mongo- 
lism occur about the eighth week and those 
of encephalo-ophthalmic dysplasia during 
or shortly after the second trimester. 
Others await definitive evaluation. 

Three principal epidemiologic implica- 
tions become evident in respect to develop- 
mental arrests. Unrelated agents acting 
during pregnancy may give rise to the 
same type of arrest. Different types of 
arrest may be caused by a single agent. 
The resulting anomaly is expectedly a 
function of the stage of development at 
which the agent is active. Patency of the 
cardiac septum cannot come into being 
as a developmental arrest after the septum 
has closed; nor an imperforate anus after 
the anal membrane has perforated. 
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LEPROSY IN VETERANS OF AMERICAN WARS 
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Mosr of the communicable diseases 
now implanted in the American population 
were imported to this continent as part 
of the general global spread of infectious 
processes that gained prominence in the 
15th and 16th centuries, and still con- 
tinues. This broader dissemination of 
infectious agents came about chiefly 
through expanding trade and _travel.® 
The amount and rapidity of international 
transportation of men and animals con- 
tinue to be governing factors that deter- 
mine the gradual transition that is taking 
place from a state of isolated foci of par- 
ticular diseases scattered throughout the 
world, but periodically disturbed by 
pandemic spread of some one or other; to 
that of a world which is now becoming one 
epidemiological unit. 

The history of epidemic disease in the 
United States would indicate that the 
majority of our domestically common in- 
fections were imported—measles, diph- 
theria, smallpox and undulant fever, to 
name afew. Some appear definitely to be 
indigenous diseases of pre-Columbian 
America, such as tularemia, Rocky Moun- 
tain spotted fever, coccidioidomycosis 
and Chagas’ disease of South America. 
The status of others is less precise, with 
conflicting evidence as to whether they are 
native to North America or imported 
within historical times. The well known 
controversy about syphilis is in point. At 
any rate, the number derived from these 
several sources is imposing, as indicated 
by the list of official reportable conditions 
to health departments. Many others are 
recognized through epidemiological* and 
clinical” descriptions. Leprosy of North 
America is very definitely an imported 
disease.15.19 
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Unlike measles, smallpox, and so many 
other imported diseases, leprosy has never 
become generally implanted in the Ameri- 
can population. The currently existing 
major foci of infection include the Southern 
States of Louisiana, Texas and Florida; 
but even here the number of cases has 
never been great. Minor foci have 
existed in California and South Carolina.” 
Georgia, Alabama and Mississippi'®¢ con- 
tribute occasional cases among native 
born Americans and scattered representa- 
tion comes from some half dozen other 
states. Minnesota and neighboring states 
comprised a focus of leprosy for a number 
of years.® 

Prolonged and intimate exposure as a 
requirement for the transmission of leprosy 
has been widely used to explain the strik- 
ing tendency toward localized and familial 
occurrence, a well known characteristic of 
the disease.*® Whether the idea of long 
exposure is based on actual evidence or 
is merely an assumption evolved to fit the 
observed distribution into the contagionist 
point of view, is open to question. The 
concept of “prolonged and intimate ex- 
posure” and the variability in the incuba- 
tion period are both sufficiently broad to 
permit explanation of the distribution of 
cases under almost any circumstances of 
time and space; notably the restricted 
occurrence, and failure to follow usual laws 
of contagion. On the other hand, a num- 
ber of epidemiologic features of the disease 
are inconsistent with such a view. 

In the first place, many studies of 
“leprosy in relatives” show a concentra- 
tion of cases in distant relatives ordinarily 
not living under conditions of “ prolonged 
and intimate exposure.” Perhaps the 
most striking example is the long con- 
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tinued occurrence of the disease in the two 
widely separated foci on the North Ameri- 
can continent, in the same racial stock and 
in individuals known to be related. It 
is further significant that the disease did 
not exist in either population until many 
7 years after they were separated in 1755. 
In communicable diseases as a group such 
as measles, German measles, diphtheria, 
and scarlet fever, secondary attack rates 
in families beyond childhood age are 
uniformly higher in females. This seems 
clearly due to the fact that the adult 
female is subject to more “ prolonged and 
intimate exposure” within the family than 
ba the adult male. Under similar conditions 
4 of exposure and measured in terms of 
person years, secondary familial attack 
rates in leprosy preponderate in males by 
a about 2 to 1.% The only explanation 
offered, even by the contagionist school 
a of thought, is a different inherent sus- 
ceptibility in the two sexes.’ 

The extraordinary infrequency of con- 
jugal leprosy as compared with its oc- 
curence in blood relatives, within the 
household and more distant, is one of the 
a strongest arguments against prolonged 
and intimate exposure as an _ essential 
‘ factor in transmission. The common 
explanation is that the individuals con- 
| cerned are past the susceptible age—a 
supposition not borne out by the age 
distribution of leprosy, nor by data here 
presented in respect to persons first 
exposed in adult life (Spanish-American 
War veterans). Using a modified life- 
table method, Doull et al.,! brought out 
that secondary attack rates for lepro- 
matous cases decreased, as age at first 
exposure increased. It is not clear, how- 
ever, to what extent these results may 
have been affected by removal of sus- 
ceptible individuals from older age groups 
through having already developed the 
disease as primary cases. 

Previous studies of regional, racial, and 
familial selectivity in the occurrence of 
leprosy on the North American con- 
tinent™> are in keeping with the view 
expressed by Sir James Simpson in 1842” 
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and now generally accepted, that the 
major determinant is neither hereditary 
transmission nor prolonged and intimate 
exposure, but probably ordinary exposure 
in regions, in racial stocks, and in families 
with an hereditary susceptibility to the 
infection. 

In 1882 Hirsch!’ wrote “the best ground 
on which to try this question is obviously 
afforded by the small closely circumscribed 
and therefore easily surveyed leprosy- 
spots, with a fixed population subject to 
no changes where the state of health in the 
several families may be learned with the 
least possible trouble and followed with 
certainty through a long series of genera- 
tions.” 

The incidence of the disease in native- 
born Americans serving in the Armed 
Forces, and in veterans of our wars, affords 
an opportunity for observations*® on the 
incubation period of the disease, on 
prolonged intimate exposure as a require- 
ment for production of the disease, and 
on inherited susceptibility as a major 
determinant in the tendency to familial 
occurrence. The study is particularly 
worthwhile in that the respective theaters 
of war presented variable opportunities 
for exposure to leprosy,® and because of 
the varied regional, racial, and familial 
origin of patients among the members of 
the Armed Forces. The first requisite in 
evaluating the relative significance of host 
susceptibility and continued exposure is 
to note the relative frequency of leprosy 


in the several theaters of war in which our | 


armies operated, and to determine the 
origin by place of birth of those who con- 
tract the disease during service or there- 
after. The time relationships to place and 
length of service are likewise necessary. 
The best historical accounts indicate 
that leprosy was first introduced to the 
American continent in the middle of the 
18th century. White* states that it was 
present in Louisiana in 1758 and good 
evidence exists that Florida was involved 
about 1775; in both instances presum- 
ably through the slave trade and the West 
Indies. No known information suggests 
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the presence of the disease at the time 
of the Revolutionary War in the northern 
colonies or in other areas where that war 
was fought.' Troops of the American 
Forces may be assumed not to have been 
at risk. At any rate, study of a variety of 
sources®> fails to give record* of the 
occurrence of leprosy among soldiers of 
this war period or in veterans thereafter.! 

The war of 1812 did involve the element 
of risk since leprosy is known to have 
existed for some 70 years in New Orleans, 
the principal theater of war. Again no 
record of military cases can be found.!*2! 
Leprosy in the general population was 
certainly not common and the number of 
troops, judged by standards of subsequent 
wars, was not great. The medical records 
of the Army” of that day were, however, 
not such that assurance can be had of the 
absence of the disease. 

The complete lack of reports of leprosy 
in connection with the Mexican War of 
1846 or among veterans of that war is 
more difficult to understand. The war 
lasted two years. The number of men 
involved was appreciable and Mexico had 
long had leprosy in considerable numbers. 
Hirsch" states that’it occurred “in general 
diffusion, mostly indeed among native 
Indians, both on the coast and in more 
elevated, if not even the highest points.” 
He cites medical reports of its existence at 


_ least in 1838. Army records are available in 


greater detail and number, and yet men- 
tion of leprosy is absent,!..27a.b.c.d,e,28,29 
both in the period of the war and in the 
years that followed. The experience of 
later American wars fought in similar foci 
of infection discounts the validity of con- 
clusions which might be drawn from this 
negative evidence. Epidemiological con- 
siderations would suggest that the disease 


may well have occurred in veterans of this — 


campaign. Indeed many years passed 
after the Spanish-American War of 1898 
before the association of temporary station 
in a foreign endemic focus and the later 


development of the disease among veterans 
was established. 

The Civil War was fought in domestic 
territory in regions essentially free of 
leprosy. The lack of reported cases! 
is in agreement with what must have been 
a minimal risk. Reliable information on 
leprosy as a feature of military operation 
in the fields is available for the last 3 wars 
of our history. 

Time RewationsHips. From 1921 to 
1940, 32 Spanish-American War veterans 
were admitted to the U. S. Marine Hos- 
pital at Carville, La., suffering from 
leprosy. Thirty patients had military 
service outside the United States in places 
known as foci of leprosy: Puerto Rico, 


‘Cuba, Hawaii, China—25 in the Philip- 


pines. Two had not; one coming from 
Louisana and the other from Texas, both 
states being recognized foci of the disease. 
Five of the group were born outside the 
United States. Of those born in the 
United States, 19 were from parts of the 
country that are not foci of the disease. 

During the same period, 51 World War 
I veterans were admitted to the National 
Leprosarium. The records of 33 show no 
service outside the United States and 
only 6 had a record of service in foreign 
countries which are foci of the disease— 
1 in the Philippines. Eighteen were born 
outside the United States, 33 in the 
Southern tier of states and none north of 
this region.'** 

As of 1946, 28 cases of leprosy have oc- 
curred in veterans of World War II." 
Thirteen men were born in foreign coun- 
tries, and 11 in the United States, of whom 
10 were from states known to be foci of 
the disease. Only 1 was born outside 
such areas. 

Cases occurring during these wars are 
listed in Tables 1, 2, and 3, showing age 
at first symptoms as nearly as could be 
ascertained, place of birth, place from 
which admitted to the leprosarium, de- 
scent, and date of onset of the disease. 


* The information on leprosy in relation to the earlier wars of the United States is furnished by Colonel 
J. H. MeNinch, Director of the Army Medical Library, War Department, who conducted a careful 
search of military records and published reports not ordinarily available. 
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The veterans of the Spanish-American 
War had their origin, both by birth and by 
place of admission, in widely separated 
localities. Veterans of World War I, both 
native-born and foreign-born, by birth 
and place of admission, originated largely 
in areas known to be foci of the disease. 
Veterans of World War II (place of ad- 
mission not shown since admissions have 
been directly from the military service) 
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following military service. The first case, 
born in Iowa and admitted from Nebraska 
with no history of other exposure, is 
presumed to have been exposed in the 
Philippines during military service from 
1898 to 1899 and therefore to have de- 
veloped the disease after an unusually 
short incubation period. The last case 
developed the disease in 1938; was born 
in Missouri, and admitted from Missouri; 


* National Leprosarium. 


TABLE 1.—Leprosy. SPANISH-AMERICAN WAR VETERANS 
Native-born 
Age Date 
% Record No.* lst symp. Place of birth Place of adm. Descent 1st symp. 
7 16 (306L) 32 N. C. D.C. Scotch-Ir. Ab. 1905 
- 80 (338L) 45 Mich. Mich. Not given Not given 
95 (93) 47 Penna. Fla. Ab. 1915 
144 (144) 37 Missouri Kan. Ab. 1915 
176 (176) 56 Penna. Philippines Not given 
we 186 (186) 51 La. New Orleans, La. - “ 1921 
fe 230 (230) 40 La. New Orleans, La. - e Ab. 1913 
244 (244) 32 Texas Texas 1907 
250 (250) 33 Ala. Ga. 1916 
312 57 Va. 1924 
3 351 50 Ohio Ohio German 1924 
bee 389 (389) 39 Iowa Ill. Not given 1924 
= 433 45 BR. i. Kan. French 1923 
ca 450 40 Ark. N. Y. Eng.-Irish 1923 
re 484 (484) 41 Ky. Mont. Not given 1906 
i 571 (571) 48 La. New Orleans, La. = 1923 
626 (626) 51 Texas Texas 1928 
641 (641) 45 Ind. D. C. 1919 
: : 774 42 Ga. Ga. American Ab. 1921 
5 907 36 Iowa Neb. German Ab. 1901 
951 (961) 42 Ohio Calif. Not given Ab. 1916 
| 1009 (1009) 50 Penna. Philippines Dutch 1930 
0m 1009 A 59 Ohio Philippines German Not given 
om 1242 (1242) 53 La. New Orleans, La. Not given Ab. 1935 
ee i 1290 66 Va. Ohio Am.-Negro Ab. 1935 
> a 1330 59 Mich. . Texas Irish-Am. Ab. 1934 
son i 1376 55 Missouri Missouri Not given 1938 
Foreign-born 
a i 280 44 Germany Wisconsin German Not given 
_ 292 49 Bohemia Va. Bohemian 1921 
3 i 364 41 Ireland Hawaii Irish 1916 
— 1057 37 Russia N. Y. Jewish 1922 
ee 1266 58 (25?) Germany Ga. German 1933 (1900?) 


by place of birth, largely originate in areas 
known to be foci of the disease.’ More 
than half of the foreign-born originated in 
the Philippine Islands. 

Chart I shows native-born veterans of 
the three wars according to the time they 
developed the disease, and according to 
whether they were born in recognized 
foci of the disease or in other areas of this 
country. Cases in Spanish-American War 
veterans developed in from 3 to 32 years 


and was in the Army in the Philippines 
from 1906 to 1908 (included with Spanish- 
American War veterans). Since there is 
no history or presumption of other ex- 
posure, this patient would appear to have 
developed recognized symptoms of the 
disease 30 years after exposure. It should 
be stated, however, that a number of 
veterans who developed the disease follow- 
ing the Spanish-American War cannot be 
assumed to have had incubation periods 


i 
1 
f 


l 


F 
2 
‘ 
1} 
1) 
li 
1 
li 
i 
4 
| 
} 
4 


100?) 


ines 
ish- 
re is 

ex- 
nave 

the 
ould 
r of 
llow- 
»t be 


riods 


PREVENTIVE MEDICINE AND EPIDEMIOLOGY 


as long as indicated, because of residence 
in the Philippines, either as members of 
the Army or as civilians, for many years 
following the Spanish-American War itself. 

Of 18 cases in Spanish-American War 
veterans*® (on whom data are available), 


TABLE 2.—LeEpPRosy. 


Native-born 
Age 
Record No.* lst symp. Place of birth Place of adm. 
52 (314L?) 24 La. La. 
95 22 La. Calif. 
113 32 La. La. 
123 43 La. La. 
145 23 Fla. Ill. (Fla.?) 
197 24 Fla. Fila. 
215 28 Texas Calif. (Texas?) 
228 24 Fla. Fla. 
231 18 Texas Texas 
246 30 New Orleans, La. Mississippi 
272 27 Texas Texas 
300 26 La. New Orleans, La. 
387 20 La. La. 
390 26 La. New Orleans, La. 
414 22 Mississippi Mississippi 
489 31 Ga. Tenn. 
562 31 La. New Orleans, La. 
608 27 Texas Texas 
659 33 New Orleans, La. New Orleans, La. 
689 24 New Orleans, La. Va. 
723 23 Texas Ind. (Chicago?) 
736 35 La. Okla. 
746 18 Texas N. Y. 
816 24 Texas Texas 
827 27 La. La. 
833 31 Texas Texas 
850 31 La. La. 
931 34 Mississippi La. 
965 19 Fla. Fla. 
999 41 New Orleans, La. New Orleans, La. 
1114 38 Texas Texas 
1172 35 Fla. Fla. 
1319 41 Texas Texas 
1041 20 Mississippi Ark. (Okla.?) 
1314 27 La. Texas 
- Foreign-born 
100 24 Philippines Mass. 
102 24 India Mass 
139 26 Br. Guiana Til. 
192 22 Puerto Rico ee 
198 25 Br. W. Indies x. YY. 
225 22 W. Indies Va. 
294 26 Bahamas Neb. 
301 27 Philippines Maryland 
311 22 Virgin Islands a. 
401 26 Greece 
579 33 Italy N, ¥. 
727 27 Br. W. Indies N. Y. 
732 44 Philippines Calif. 
733 28 Philippines Calif. 
741 37 Philippines Calif. 
893 39 Philippines Wash. 
899 24 Greece Calif. 
1320 39 Philippines N. Y. 


* National Leprosarium. 
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who came from places which are not 
domestic foci of the disease, the periods 
during which exposure in foreign foci 
could have occurred range from 9 months 
to 32 years, as shown in Table 4. Perhaps 
it should be emphasized that these figures 


Wark I VETERANS 


American 
Eng.-Scotch 
English 


Not given 
Am.-Negro 
German-lIr. 
American 
French 
Jewish 
Mexican 
French 
Trish 
Am.-Negro 
American 
Irish 
Mexican 
Irish 
Ir.-Dutch 
French 


Filipino 


English 
Puerto-Rican 
English 
Not given 
English 
Filipino 
Negro 
Greek 
Italian 
Port.-Eng. 
Filipino 


“ 


Greek 
Filipino 


Date 
lst symp. 
1919 
1919 
1919 
Not given 
1918 
1919 
1921 
1919 
1917 
1918 
1919 
1917 (1921) 
Not given 
1919 
1919 
Ab. 1919 
1921 
1919 
1929 
1918 
Ab. 1919 
1927 
Ab. 1919 
1919 
Ab. 1923 
Ab. 1920 
1929 
1932 
1919 
1933 
Ab. 1934 
Ab. 1930 
1937 
Ab. 1919 
Ab. 1930 


1918 
Not given 
1917 
Not given 
1920 
1919 
1922 
1923 
1923 


‘Ab. 1917 


1922 
Ab. 1919 
Ab. 1929 
1925 
Ab. 1928 
1932 
1918 
1938 
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i represent the periods during which they 
mi were in countries, particularly the Philip- 
pines, which are known as foci of the 
as disease. No data are available on length 


served in foreign foci. It thus would 
appear that a small outbreak of leprosy 
occurred in native-born Americans which 
can be attributed to exposure to the 


or intimacy of exposure, but military life 
by its very nature is not conducive to 
living conditions ordinarily interpreted as 
those of the “prolonged and intimate 
exposure’’ associated with leprosy. 


TaBLE 3.—LepRosy. Wortp War II VETERANS 
Native-born | 
Case Age Date 
No. lst symp. Place of birth Descent lst symp. 
1 New Orleans, La. American 1942 
2 Fy Calif. Japanese 1941 
3 22 Texas Mexican 1941 
4 16 Calif. American 1937 
5 33 New Orleans, La. 4 1941 
; 6 24 Illinois Jewish 1943 
> 7 23 Calif. Japanese 1943 
8 Texas Mexican 1944 
9 28 La. American 1944 
10 26 Texas Mexican Ab. 1944 
1l 30 Texas American 1941 
Foreign-born 
12 Mexico Mexican Not given 
13 i Philippines Filipino Ab. 1938 
14 26 Ab. 1929 
15 Ab. 1941 
16 36 Mexico Mexican Not given 
17 39 Philippines Filipino ~ 
18 Puerto Rico Puerto-Rican 
19 31 Philippines: Filipino 
20 18 Honolulu Hawaiian-Chinese Ab. 1943 
21 27 Br. Guiana Not given 


TaBLeE 4,— LEPROSY. 


Duration 
Case Place of of stay 
No. birth in focus 
280 Germany 9 mo. 
907 Iowa 1 yr. 
389 Iowa 2 yrs. 
484 Ky. Wi 
1330 Mich. 
1376 Mo. 
250 Ala. 
774 Ga. 24 
641 Indiana 


Of the Spanish-American War veterans 
who were born in foci of the disease in 
this country, the first 2 developed the 
disease in 1907 and 1913 respectively, had 
no record of foreign service, and therefore 
may be assumed to have contracted the 
infection as the result of exposure where 
they lived. The other 4 patients came 
from domestic foci of the disease and also 


disease in foreign foci in the course of 
service in the Spanish-American War. 
The usual limited numbers arising from 


‘exposure in domestic areas are in addition. 


Of the veterans of World War I who 


SPANISH-AMERICAN WAR 


VETERANS—PERIODS OF PROBABLE EXPOSURE 


. Duration 
Case Place of of stay 
No. birth in focus 
1057 Russia 3 yrs. 

16 (306L) N. C. 
176 Penna. 16. * 
292 Bohemia 
364 Ireland is. * 
961 Ohio 

1290 Va. 25 “ 
1009 Penna. an * 


have developed leprosy, all were born in 
foci of the disease in this country, and in 
contrast with those of the Spanish-Ameri- 
can War, either developed the disease 
within a relatively few years of World 
War I, or already had the infection on 
entrance into military service. There is 
therefore no suggestion that their military 
service (in theaters of war not foci of 


. 
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3 
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leprosy) is in any way connected with the 
development of the disease. 

The situation at the present time in 
respect to veterans of World War II is 
similar. Eleven cases have occurred, or 
existed before entrance into military 
service, in native-born persons. All but 
1, to be discussed later, were born in foci 
of the disease in this country. The im- 
portant consideration epidemiologically is 
whether the future will be like that of the 
Spanish-American or of World War I. 


Cases of leprosy in the three wars ac- 
cording to age at the development of 
symptoms are shown in Chart 2. Spanish- 
American War veterans developed the 
disease at ages ranging from 32 to 66 
years, while the age of World War I and 
World War II veterans is much younger, 
ranging from 16 to 42 years. These data 
bear out the suggestion derived from 
analysis of Chart 1, that veterans of the 
Spanish-American War, largely from areas 
not foci of the disease, developed their 


SPANISH-AMERICAN WAR 


WORLD WAR I 


20 25 30 35 


Born outsive Foci 
V/A BORN IN LESSER FOCUS 
born in mason Focus 


40 45 


WORLD WAR I 


1937 1941 45 50 


Cuarr 1.—Leprosy in veterans of American Wars according to year of first symptoms. ° 
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AGE 


Cuartr 2.—Leprosy in veterans of American Wars according to age at which first symptoms occurred 
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infection following initial’ exposure in 
adult life; while veterans of World War I 
and of World War II thus far have de- 
veloped the disease at much younger ages, 
suggesting exposure at correspondingly 
younger ages and in domestic foci as in- 
dicated by their place of birth. 
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available. However, the racial origin 
would be expected to correspond to the 
racial stocks of the majority of cases 
admitted from these foci. 

Chart 5 shows the place of birth of 
veterans of World War II who have, up 
to this time, been reported as cases of 


BORN 
© ADMITTED 
@ BORN AND ADMITTED 


Cuart 3.—Leprosy in veterans of Spanish-American War by place of birth and admission. 


REGIONAL AND Ractau 
Chart 3 shows native-born Spanish-Ameri- 
can War veteran patients by place of birth 
and place from which they were admitted 
to the National Leprosarium.™ Infor- 
mation on racial origin is available for 
relatively few. It may be pointed out that 
2 of the 3 cases born in Ohio and 1 in 
Iowa are of German descent. It is of some 
interest that 6 other cases* of German 
descent appear on the records of admis- 
sions to the National Leprosarium from 
these and adjacent North Central states. 
No information is available on familial 
relationships. 

Veterans of World War I are similarly 
shown in Chart 4. All patients were born 
in states which are foci of the disease, 
though a number were admitted to the 
leprosarium from other localities. Infor- 
mation on the descent of relatively few is 


leprosy. Of the 3 from California, 2 are 
Japanese and 1 a native American. Of 


- the 4 cases from Texas, 3 are Mexican and 


1 American. Of the cases from Louisana, 
3 are given as American. The one patient 
born outside of known recognized foci is 
Jewish and from a city in Illinois where 
2 Jewish patients born in foreign countries 
had previously been recognized. No in- 
formation is available on relationships. 
RacraL AND In respect to 
racial descent, World War II cases cor- 
respond to other admissions from the same 
areas, except that a higher proportion are 
classified as “American.” New Orleans 
has furnished in the past a number of 
cases of German descent and the name of 
the World War II veteran from New 
Orleans suggests German origin. The 
majority of patients from Louisiana have 
been French."* The name of one World War 
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Il veteran from Louisiana is French, 
although listed as American. This patient 
gives a history of an uncle and 2 cousins 
with leprosy. We have in addition a 
record of another case in Louisiana of the 
same name whose father and mother both 
bear the same surname (indicating inter- 


0 * 100,000 POPULATION , 1930 CENSUS 


relationship). This surname is the same 
as that of 6 cases which have occurred in 
the New Brunswick focus of leprosy. 
Incidentally 2 other World War II vet- 
erans, 1 born in the Philippines and the 
other in Hawaii, give a history of leprosy 
in relatives. 
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Cuart 5.— Leprosy in veterans of World War II as of 1946 by place of birth. 
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With the passage of time, increasing 
difficulty is to be expected in establishing 
racial and familial relationships from the 
perfunctory data usually appearing on 
case histories. What with the change in 
later generations of persons of foreign 
descents to what is in essence American, 
the anglicizing of distinguishing family 
names and other such factors, the con- 
tinued study of familial relationships must 
of necessity be carried out by persons 
familiar with these factors and through 
direct interview with the persons con- 
cerned. Leprologists have repeatedly 
emphasized the difficulty or impossibility 
of obtaining information by interview be- 
cause of reluctance to reveal information 
concerning the presence of this “unclean 
disease” in the family. On the contrary, 
it has been our experience that as soon as 
it is made clear that the reason for such 
inquiry is the study of leprosy and not the 
“apprehension of lepers,” members of 
families where leprosy has occurred are 
willing and often eager to codperate. Out 
of several hundred such families, located 
in one way or another, and approached 
with no authoritative introduction, only 
two have declined to answer questions 
concerning their family histories. A very 
old man, whose family had been literally 
obliterated by leprosy, evidently could not 
bring himself to talk about it. He dis- 
missed us in his living room with the state- 
ment that it was “a closed book” walked 
out and closed the door. The other was a 
very intelligent gentleman who did not 
hesitate to give details of his own case but 
courteously stated that while appreciating 
the importance of the study, he could not 
give information about his family; because 
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his family history contained certain things 
that he did not feel he could reveal, how- 
ever confidentially the information might 
be treated. We are inclined to believe 
those “things” were not particularly 
associated with the presence of leprosy 
in the family. 

Summary and Conclusions. This study 
of the regional, racial, and familial rela- 
tionships in veterans of American wars 
suggests that in the immediate years to 
come an appreciable number of cases of 
leprosy may be expected to occur among 
the veterans of World War II who served 
in theaters of operations which are foci of 
leprosy. Jt further suggests that 
study of these cases in relation to other 
instances of leprosy occurring in the United 
States, will aid in determining the relative 
value to be assigned to “prolonged and 
intimate exposure” and to familial sus- 
ceptibility as factors in the epidemiology 
of the disease. More specifically, there 
is need for a continued study of the leprosy 
still to develop among veterans of World 
War II. Based on experience, observa- 
tions should be continued until about 
1982. 

The evidence at hand would indicate 
that in large part the circumstances 
associated with the Spanish-American 
War will be duplicated. The history of 
éxposure will tend to be definitive rather 
than prolonged and intimate. The roster 
of patients will not be limited to residents 
of recognized foci in the South but will 
include natives of other states. The racial 
and familial pattern will reflect the 
selectivity ‘previously exhibited in the 
occurrence of the disease in those areas. 
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BOOK REVIEWS AND NOTICES 


OccUPATIONAL DISEASES OF THE SKIN. By 
Louis Scpwartz, M.D., Med. Director, 
U. 8S. Public Health Service; Louis 
Tuurpan, M.D., Clinical Prof. of Der- 
matology and Syphilology, New York 
Univ. College of Medicine; Samuet M. 
Peck, B.S., M.D., Dermato’ogist, Mt. 
Sinai Hosp., New York. 2nd ed. Pp. 
964; 146 ills.; 1 color plate. Phila.: Lea 
& Febiger, 1947. Price, $12.50. 

THE first edition of this book was reviewed 
in the AMERICAL JOURNAL OF THE MEDICAL 
Scrences, 199, 572, 1940. In the present 
edition, to the original two authors a third 
has been added, Dr. Samuel Peck, former 
associate of Dr. Schwartz in the Dermatoses 
Section, United States Public Health Service. 
In his own right, Dr. Peck is an outstanding 
authority in dermatology. 

This edition contains the best features of 
the first, plus descriptions of new chemicals, 
new methods of manufacture, many devel- 
oped during the war, and of new cutaneous 
hazards to workers engaged in their manu- 
facture, as well as to the public who use 
products containing these irritants. The new 
edition also shows evidence of definite 
attempts to overcome the shortcomings, few 
as they were, of the original edition. All 
this has occasioned some increase in the size 
of the book without, however, making it too 
large for ready handling. 

In such a book there are bound to be some 
repetitions and minor omissions; for example, 
the patch test is described more or less along 
similar lines on pages 54 ff. and 302 ff. but 
with probably some unintentional variations 
in technic. Erysipeloid is described on pages 
619 ff. and 796 ff. Chapters II and XLVI 
could be combined with profit. On the other 
hand, there is no discussion of BAL (British 
Anti-Lewisite) for arsenical and other metal 
intoxications, nor is there any mention of 
the use of penicillin in erysipeloid. Penicillin 
as an occupational hazard to physicians, 
which is omitted, should also be mentioned. 

Occupational Diseases of the Skin must be 
easily accessible to anyone who has anything 
to do with Industrial Dermatology, for it is 
the American standard, authoritative, en- 


cyclopedic source book for the specialist as 
well as for all physicians concerned with 
problems of the skin and industry. 


Raproactive Tracers IN Brotoey. By 
Martin D. Kamen, Assoc. Prof. of 
Chemistry, Edward Mallinckrodt Inst. of 
Radiology, Washington Univ., St. Louis, 
Mo. Vol. I. Pp. 281. New York: 
Academic Press, 1947. Price, $5.80. 


Tus most timely and informative book 
deals with many different aspects of bio- 
logical research with radioactive methods, 
and constitutes an excellent review of the 
possibilities in the field. The book covers 
the fundamental properties of atomic nuclei 
and the source of radioactivity, the produc- 
tion of radioactive isotopes, the physical 
nature of radiations from tracer atoms, the 


* basic instruments necessary for radioactive: 


assay, and the different approaches used in 
the fields of biology, biochemistry, and 
physiology. 

The 3 major isotopes of biological research 
—H?, C" and C'—are given thorough con- 
sideration in methods of assay and applica- 
tion. Even type problems and results are 


‘discussed. Details of preparation and 


application of other radioactive elements of 
biological importance are also reviewed. 
The book closes with an interesting chapter 
on radiation therapy and other medical 
applications of radioactive techniques. The 
field of radioactivity as applied to biological 
research is well covered, and recent develop- 


ments are often thoroughly considered. 
I. Z. 


MeEruops oF ViTaMIN Assay. Prepared and 
edited by the Association of Vitamin 
Chemists, Inc. Pp. 189. New York: 
Interscience Publishers, Inc., 1947. Price, 
$3.50. 

Tue scope of the book is limited. Only 
such methods are included as have been 
successfully applied to a variety of foods or 
other materials by several committee mem- 
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bers. Selected references to other vitamin 
methods are listed. 

There is a chapter on sampling. The 
methods given in detail concern Vitamin A, 
carotene, thiamine, riboflavin, niacin and 
ascorbic acid. 

The chapters have the following subtitles: 
Preliminary considerations (properties, etc.), 
methods available, descriptions of the best 
methods, application of methods, literature 
cited. In the descriptions of methods many 
valuable paragraphs are given concerning 
equipment, reagents and procedure. 

D. W.. 


DisEASES TRANSMITTED From ANIMALS TO 
Man. By Tuomas G. Pu.D., 
Director, The Scientific Exhibit American 
Medical Association. 38rd ed. Pp. 571; 
75 ills. Springfield, Ill.: Charles C. 
Thomas, 1947. Price, $10.50. 
ALTHOUGH much of its material is avail- 

able through other sources, this book pro- 
vides a valuable correlation between human 
diseases and those of lower forms. The 
book is well written and easily read. The 
historical backgrounds of the various dis- 
eases are, excellent, and the summaries at 
the end of every chapter are useful. 

As is frequently the case where a book is 
the work of many contributors, some chap- 
ters—such as that on ornithosis—are very 
helpful; whereas others—such as that on 
fungus diseases—are mere summaries and 
of little practical value. In the present 
edition, tsutsugamushi disease, lymphocytic 
choriomeningitis, and several other diseases 
have been added. Of particular value from 
a public health standpoint are the interesting 
discussions of this réle played by each animal 
in the spread of disease. A. R. 


VascuLAR DISORDERS OF THE Limss. By 
Sm Tuomas Lewis, C.B.E., F.R.S., M.D., 
D.Sec., LL.D., F.R.C.P., Physician-in- 
Charge of Department of Clinical Re- 
search, Univ. College Hosp., London. 
2nded. Pp. 118. New York: Macmillan, 
1946. Price, $2.25. 

Tuts edition of Lewis’ book includes addi- 
tions to the chapter on therapy of peripheral 
arteriosclerosis and thromboangiitis obliter- 
ans. A chapter on arteriovenous fistule has 
been added, and Raynaud’s phenomenon is 


discussed at greater length. Lewis’ descrip- 
tion of his technique of studying patients 
with peripheral vascular diseases makes this 
book of fundamental importance to all who 
are interested in the pathologic physiology of 
the peripheral blood-vessels. Curiously, de- 
spite the title, there is nothing on the com- 
mon diseases of the veins. M. N. 


PracticaL ANESTHETICS. By J. Ross Mac- 
Kenzig, Univ. of Aberdeen. 2nd ed. Pp. 
172; 71 ills. Baltimore and London: The 
Williams & Wilkins Co., 1946. Price, 
$3.00. 

Tuis simple text has been revised through- 
out. The pre-anesthetic examination is de- 
scribed in more detail and a rationalapproach 
to premedication of the patient on a metabolic 
basis is given. There is additional informa- 


’ tion on trilene for anesthesia. The chapter 


on intravenous anesthesia has been enlarged 
and a section on brachial plexus block added. 
The value of this text is questionable. There 
is little physiology or pharmacology. The 
volume is too scant in coverage to be helpful. 
It must be admitted, however, that this edi- 
tion is vastly improved over the Ist. 
R. D. 


ROENTGEN’ INTERPRETATION. By GEORGE 
W. Hotes, M.D., Board of Consultation, 
Massachusetts General Hospital; Clinical 
Professor of Roentgenology, Emeritus, 
Harvard Medical School; and LauRENCE 
L. Rossins, M.D., Radiologist-in-Chief, 
Massachusetts General Hospital. 7th ed. 
pp. 398; 266 ills. Phila.: Lea & Febiger, 
1947. Price, $7.00. 

Tuts book has become a standard text 
for those who teach radiology to medical 
students. Likewise, it is a small text that 
is used by many radiologists. The authors, 
in an admirable way, have brought the 
subject of radiology up to date. 

In spite of the difficulty of getting paper 
these days, the publishers used a good calen- 
dered paper, resulting in good Roentgen 
illustrations. The print is very easy to read, 
and the composition of the book is agreeable 
to the eyes. This is the type of book that 
should be on the shelf of everyone interested 
in radiology and medicine in general, 
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Tue Mepicat Cuinics oF NortH AMERICA. 
Philadelphia No. Pp. 282; 24 ills. Phila- 
delphia: W. B. Saunders, 1946. Price, 
$16.00 a year. 


THis number is divided into 2 major 
sections: The first portion is a symposium 
on the treatment of common cardiovascular 
conditions. It is a concise, specific review 
of current trends, in the therapy of such 
disorders as bacterial endocarditis, coronary 
artery disease, congestive heart failure, and 
even pulmonary embolism and _ peripheral 
vascular disease. 

The second half is a timely symposium 
on clinical pathology, including the signifi- 
cance of laboratory methods in the diagnosis 
of syphilis, anemias of childhood, hemor- 
rhagic diseases, lymphadenopathies, bron- 
chogenic carcinoma, and hepatic dysfunction. 


W. J. 


LEHRBUCH DER GYNAEKOLOGISCHEN D1AG- 
NosTiK. By Dr. W. Neuweiter. Pp. 
474; 406 ills., 16 in color. Berne: Hans 
Huber, 1946. Price, Schw. Fr. 58. 


Tuis book contains 2 principal sections. 
The first describes the technique of gyneco- 
logic history-taking and examination. The 
second, and much the longer section, dis- 
cusses the physical findings and diagnosis of 
the pathologic disorders that may arise in the 
female genital organs. Functional disorders 
are not included, except for brief chapters on 
certain aspects of sterility, and on pelvic pain 
of extragenital origin. 

The section on technique is well done, 
but offers little that is not already recog- 
nized as standard practice in this country. 
American gynecologists will probably take 
exception to the author’s recommendation of 
laminaria tents, long outmoded here, for 
dilating the cervix preliminary to punch- 
biopsy or curette-biopsy of the endometrium. 

Much the more valuable part of the book 
is the section on pathology. This is pro- 
fusely and, in general, well illustrated with 
photographs of the lesions under discussion, 
including a number of excellent color prints. 
Under the circumstances, it is unfortunate 
that the quality of paper on which they have 
been reproduced could not be better. 

The book will be of particular value to 
gynecologists, but can be recommended to 
all diagnosticians whose work touches this 
field. * C. B. 


AND NOTICES 


Hypometasouism. A Clinical Study of 308 
Consecutive Cases. By Essen Kirk, 
M.D., Holstebro District Hospital, and 
Sven ANncHER Kvornine, M.D., Univ. 
of Copenhagen. Pp. 40; 4 figs.; 13 tables. 
Copenhagen: Einar Munksgaard, 1946. 
Price, Dan. Cr. 7.25. 

Tuis is a small brochure giving a detailed 
clinical study of 308 cases of ‘“hypometabo- 
lism” admitted to the Medical Department 
of the Holstebro District Hospital in Den- 
mark. Exhaustive analyses of symptoms 
presented in the form of tables are given, 
together with a chapter dealing with the 
effect of thyroid administration in this con- 
dition. The brochure should be of interest 
to the specialist. W. 8S. 


Dentistry, AN AGmNcy oF HEALTH SER- 
vicE. By Matcotm Wa .iace Carr, 
D.DS., and 19 Contributors. Pp. 210. 
New York: Commonwealth Fund, 1946. 
Price, $1.50. 


Tuis comprehensive review of Dentistry 
in the United States emphasizes Dentistry’s 
position as a health service profession and 
points out the many interrelationships be- 
tween Dentistry and Medicine and the posi- 
tion of these professions in the changing 
social order. Public Health and social work- 
ers who desire a comprehensive overview of 
Dentistry will find the Summary and Con- 
clusion chapter extremely valuable. 

The chapter on Hospital Dental Service 


_is particularly informative. Carr empha- 


sizes the important position of Dentistry as 
one of the essential hospital health services. 
These dental services include: care of the 
hospital patient in whom oral infection may 
be an etiologic or aggravating factor in sys- 
temic disease, emergency dental or surgical 
treatment for relief of pain, and the care of 
the ambulatory patient referred from the 
other out-patient clinics. 

Regular dental examination immediately 
after admission is particularly desirable. 
Routine oral hygiene care for the hospital 
patient can be done largely by the dental 
hygienist under supervision. Special oral 
hygiene service should be administered be- 
fore operation for all surgical patients and 
antepartum patients. The hygienic state of 
the mouth of the surgeon, nurses, and interns 
is also important. 

Since oral health service occupies a stra- 
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tegic position in the practice of medicine and 
surgery, a dental representative should be 
on the medical board. According to Carr, 
medical faculties and staffs are too frequently 
indifferent to the principles of oral pathology 
as related to systemic disease and the clinical 
aspects of diseases of the mouth. 

The New York Academy of Medicine 
should be complimented for their sponsor- 
ship of this volume and their recognition of 
Dentistry as one of the health service pro- 
fessions. L. B. 


THe oF Fertiuity. Edited by 
Earu T. Enate. Pp. 254. Princeton Univ. 
Press, 1946. Price, $3.75. 


Tuts small volume contains a collection 
of 16 papers presented and discussed at the 
February 1946 Conference on Fertility of the 
National Committee on Maternal Health. 
The papers represent recent studies of ovula- 
tion and spermatozoal physiology in various 
animals by authorities in the field of animal 
husbandry. As the discussions are contrib- 
uted by recognized students of human fer- 
tility, unique and stimulating views of 
related aspects of a common problem are 
achieved. C. B. 


THE PERSONALITY OF THE PRESCHOOL CHILD. 
By WerNER Wo rr, Pu.D., Professor of 
Psychology, Bard College. Foreword by 
Mary Fisuer, Px.D., Chairman, Dept. 
of Child Study, Vassar College. Pp. 241; 
118 figs. New York: Grune & Stratton, 
1946. Price, $5.00. 


Tuis study in the realm of “depth psy- 
chology of childhood,” is by a pioneer, and, 
though the subject remains largely in the 
experimental and controversial stage, the 
work is stimulating. Insisting the child 
must not be judged by adult standards, that 
the behavioristic and analytic schools do not 
offer the best methods of approach, the 
writer considers “The Child’s Search for 
His Self,”’ under the headings of Observation, 
Experimentation and Theory. 

The chapters are: The Mind of Child and 
Adult; The Emotion of Child and Adult; 
The First Characteristics of Social Life; The 
Child’s Concept of Reality; The Preschool 
Child as an Individual; The Child’s Feeling 
of Security; Intelligence in the Preschool 
Child; Projective Methods for Expressive 
Behavior of Preschool Children; Principles 


of Children’s Art; Child and Adult: The 
Educational Bridge Between Two Worlds; 
Methods in Child Psychology. 

The children of this study were from 3 to 
5 years old. Much importance is attached 
to measuring the subject’s degree of con- 
figuration or rhythmization, his rhythmic 
quotient, or R.Q. A child was asked to 
draw the picture of aman. Numerous meas- 
urements were made in the 3 parts, head, 
trunk and legs. Working then with the 
number of proportions and the given ele- 
ments, by a method that would require a 
long detailed explanation, the end result is © 
the child’s R.Q. The I.Q. and R.Q. are not 
necessarily in agreement. But, “If the de- 
gree of I.Q. is similar to that of R.Q., this 
seems to indicate a unified pattern of per- 
sonality.” 

The writer endeavors to support his 
theories by citing 2 historic characters: 
Dostoevski, an epileptic, whose seizures 
were attended by an enormous extension of 
his ego—time and space were greatly ex- 
panded. And Rousseau, whose childhood 
punishment led to perverted sexuality. 

B,.¥. 


Tue EssENTIALS OF OBSTETRICS AND GYNE- 
coLocy. By ALBERT Scott and 
H. BrooxFrieLp VAN Wyck, University of 
Toronto. Pp. 390; 126 ills. Philadelphia: 
Lea & Febiger, 1946. Price, $5.50. 


Tuis attractively published book is an 
attempt to bridge the gap between student 
manuals of Obstetrics and Gynecology on 
the one hand, and textbooks on the other. 
It aims to compress the presentation of the 
subject into a brief treatise without resort 
to the sketchy outlines common to the 
crammer’s compendiums. 

There is a real need for such an introduc- 
tory treatise of obstetrics and gynecology, 
but the writing of it must inevitably present 
many difficulties. The authors of this book 
have succeeded admirably in covering the 
practical aspects of the subject. In the 
Reviewer’s opinion, however, it is to be 
doubted whether emphasis on practical as- 
pects provides the ideal approach for the 
medical student in his introduction to this 
field. For example, the authors might well 
have omitted discussions of various forms of 
obstetric analgesia in favor of a fuller dis- 
cussion of the physiology of pregnancy. 
Similar contrasts might be cited, together 
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with a failure to “orient” the beginner on 
the relation of his new field to the disciplines 
with which he has already been made fam- 
iliar, and to the field of medicine in general. 

The book is beautifully illustrated, but 
here again, the teachers who scan it will note 
that the problems illustrated are too fre- 
quently those which would interest the 


practitioner or advanced student, rather * 


than those in which the neophyte needs 
visual aids. Cc. B. 


Wauat Is Heart Disease. By 
Hyatr Gorpon, Head of the Medical 
Section, Lubbock Memorial Hospital and 
Clinic, Lubbock, Texas. Pp. 114; 10 figs. 
New York: Grune & Stratton, 1946. 
Price, $2.50. 


Tuts small book describes simply, briefly 
and clearly the anatomy and function of the 
normal heart, and the abnormalities that 
develop as the result of the various common 
types of heart disease. The principles of 
treatment are explained. It is well suited to 
educate the patient who has or thinks he 
has heart disease. C. K. 


GASTROENTEROLOGY IN GENERAL PRACTICE. 
By Louis Petner, M.D., Associate At- 
tending Physician, Greenpoint Hospital; 
Associate Visiting Physician, Brooklyn 
Cancer Institute; Adjunct Physician, Beth 
Moses Hospital, Brooklyn, N. Y. Pp. 
285; 108 figs. Springfield, Ill.: Charles C. 
Thomas, 1946. Price, $7.50. 


Tuts is an up-to-date, abbreviated text- 
book on clinical gastroenterology for the 
practitioner and the student. It is written 
in a simple, terse style and is exceedingly 
well illustrated. In covering the more im- 
portant aspects of his subject, the author 
has made use of tables, diagrams, diet lists, 
differential diagnosis charts and roentgeno- 
logic illustrations in such fashion as to cover 
a mass of data in a short space. He has 
assembled the current opinions of the lead- 
ers in the field of gastroenterology and has 
wisely chosen to present both sides of con- 
troversial issues. Some interesting chapters 
on the psychosomatic aspects of gastro- 
intestinal disease again remind us of the 
importance of this phase of medicine. He 
has also included sections on biliary and pan- 
creatic disease and his diagrammatic repre- 
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sentation of the pathologic physiology of 
jaundice is particularly commendable. It 
should be pointed out, however, that the 
effectiveness of methionine in liver disease, 
though apparently proven in the experi- 
mental animal and readily accepted by Dr. 
Pelner, has not yet been demonstrated in 
man. 8. L. 


OUTLINE OF THE SprnaL Nerves. By JoHn 
Favitt, A.B., M.D., F.A.C.P., Clinical 
Professor of Neurology, University of 
Illinois College of Medicine. Pp. 191; 
26 figs. Springfield, Ill.: Charles C. 
Thomas, 1946. Price, $3.75. 

Tue first 4 parts of this book are an at- 
tempt to make available, in compact form, 
full information on motor function and neu- 
rologic analysis of roots, nerves, muscles and 
movements. These sections of the book 
are titled successively: I. Roots—Nerves- 
Muscles, II. Nerves—Muscles—Roots, III. 
Muscles—Roots—Nerves, IV. Movements-— 
Muscles—Nerves—-Roots, so that it is possible, 
given a disability occurring at any point in 
the final common pathway, to analyze it 
with respect to the related elements of 
innervation. Clinical relationships are given 
briefly in Part IT. 

The book contains, in addition, supple- 
mentary material on spinal plexuses, elec- 
trical testing, causalgia, neuritis, low back 
pain and muscle disorders. Charts on seg- 
mental and peripheral sensory innervation 
are included. 

The book presents in readily available 
form a mass of neurologic and anatomic data 
which cannot be satisfactorily found in any 
other single source. Its usefulness to the 
clinician grows with usage. J. W. 


Miuitary Nevuropsycuiatry. The XXV 
Volume of the Association for Research in 
Nervous and Mental Disease. Edited by 
FRANKLIN G. Epaucu, Harry C. Soto- 
MON, M.D., THomas E. Mumrorp, Jr., 
M.D., with 47 Contributors. Pp. 366; 34 
ills.; 48 tables. Baltimore: Williams 
& Wilkins, 1946. Price, $6.00. 

In this study there is strict adherence to 
the original plan of discussing but 1 subject. 
Among the more important chapters are: 
Changing Concepts of Psychoneurosis in 
Relation to Military Psychiatry. Neurotic 
Reactions in Psychopaths (Hystero-Mal- 
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ingering). Psychiatric Contrasts in the Two 
World Wars. Emotional Problems of De- 
mobilization. The Problem of the Dis- 
charged Neuropsychiatric Patient. Con- 
cerning Combat Exhaustion. The Impor- 
tance of the Emotional Outlet in Psycho- 
therapy. Psychopathology and Group Ther- 
apy. Psychotherapy in a Convalescent 
Naval Hospital. The Therapeutic Réle of 
Drugs in the Process of Repression, Disso- 
ciation and Synthesis. The Electroenceph- 
alogram in War Wounds of the Brain: with 
Particular Reference to Post-traumatic Epi- 
lepsy. Neuropsychiatric Problems of the 
Veterans Administration. Psychiatric Re- 
habilitation in Industry. Personality and 
Psychosomatic Disturbances in Patients on 
Medical and Surgical Wards: A Survey of 
450 Admissions. The Development of 
Group Psychotherapy in Military Setting. 
Modification of the Rorschach Method for 
Large Scale Investigations. 

After hysterical manifestations were care- 
fully excluded, malingering was mostly an 
effort of the psychopath. Merono’s Psycho- 
drama, a group therapy agent, was helpful 
in the psychiatric convalescent hospital. 
The tedious Rorschach test was provided 
with a short-cut, by projecting the inkblots 
as colored slides on a screen; negativistic sub- 
jects, unable to do themselves justice under 
the individual test, often felt free to write 
down their descriptions. A subject accorded 
much discussion was fatigue, and results 
obtained at the Swarthmore Convalescent 
Annex of the Philadelphia Naval Hospital, 
were gratifying. There, much work is done 
in a very complete photographic laboratory, 
in the assembling and tearing down of 
motors, carpentering, etc. Needless to say 
the Weir Mitchell rest cure is no longer. em- 
ployed. This book is valuable for perma- 
nent reference, and contains many case 
studies, with thorough analyses of important 
neuropsychiatric problems. 


PARENTERAL ALIMENTATION IN SURGERY, 
Wits REFERENCE TO PROTEINS 
AND Amino Acips. By Rosprert 
M.D., Associate Professor of Clinical 
Surgery, Washington University School of 
Medicine, St. Louis, Mo. Pp. 284; 31 figs.; 
20 tables. New York: Paul B. Hoeber, 
1947. Price, $4.50. 


Tue title does Dr. Elman injustice, for 
he has presented a comprehensive review of 


the deficits which result from the inability 
to ingest adequate food, of the indications 
for the parenteral administration of various 
nutritional substances and the physiologic 
results of their administration. This is a 
work which should be helpful to everyone 
interested in nutrition and of considerable 
value to all clinicians. 

In spite of the author’s primary interest 
in parenteral feeding, to which field he him- 
self has made important contributions, he 
has retained his good clinical judgment and 
warned those of us who may have become 
too enthusiastic about this method of sup- 
plying nutritive elements to our patients 
that ‘Parenteral alimentation should always 
be considered as a temporary expedient dur- 
ing the course of surgical care, designed to 
lead as rapidly as possible to a condition in 
which the patient can take the required fluid 
and food elements by mouth.” 

One of the greatest values in a monograph 
of this type is to make evident the limitations 
of our knowledge of the field. Undoubtedly 
there will be those who will be stimulated to 
explore further in an attempt to solve the 
many problems of nutrition which are 
presented but not yet solved. 

The Reviewer recommends this monograph 
highly. 


MoperN DERMATOLOGY AND SYPHILOLOGY. 
By S. Wirtu1am Becker, Clinical Professor 
of Dermatology, University of Chicago, 
and E. OBERMAYER, Clinical 
Professor and Chairman, Department of 
Dermatology, University of Southern 
California. 2nd ed. Pp. 1017; 461 ills.; 
17 full color plates. Philadelphia: J. B. 
Lippincott, 1947. Price, $18.00. 

In the Ist edition of this volume (1940) 
an attempt was made to produce a modern 
text on Dermatology and Syphilology which 
would be especially useful not only to under- 
graduate medical student and practitioner 
but also to postgraduate students and spe- 
cialists. Innovations in style of presenta- 
tion, arrangement, and a special feature of 
explanatory material at the beginning of 
each chapter under the heading, “Orienta- 
tion,” made the 1st edition of this book a 
unique contribution. 

This 2nd edition, in general, continues 
the original program. It is a rather cumber- 
some volume physically, a fact-which belies 
the informal presentation of the material it 
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contains. It is printed in easy-to-read type 
in double columns, and is properly illus- 
trated with usually excellent photographs in 
black and white, or in color (painted). (The 
only real exception is a copied illustration 
which is poorly reproduced, Figure 284-A. 
The original from which it is taken is good.) 
Several of the colored illustrations are from 
commercial brochures. Aside from their 
excellence, they suggest the prominent réle 
the pharmaceutical houses are playing in 
medical research and teaching. 

The bibliography is useful, well arranged 
and selected. Most of the titles are in 
English. 

Certain sections are exceptionally well 
prepared, reflecting the special interests of 
the authors, viz: Pigmentation, Lupus 
Erythematosus; Leprosy; Neurodermatoses 
and Tropical Diseases. Syphilis, on the 
other hand, is presented on the whole in a 
conventional manner. 

There are but few criticisms one might 
make of this edition of Becker and Ober- 
mayer’s text. It is desirable to point out 
that commercial pharmaceutical prepara- 
tions are given undue recommendation for 
various dermatoses on the one hand, and 
others now in fashion are omitted, such as 
the so-called “antihistamine” drugs (Bena- 
dryl and Pyribenzamine). This may be due 
to the fact that at the time of publication, 
these preparations were not sufficiently 
evaluated to be incorporated. While ade- 
quate warning is issued relative to the 
dangers of sulfonamides locally, the same is 
not true of local penicillin therapy. It is 
not entirely advisable at the present to 
recommend Acetarsone for any form of 
syphilis. Verification tests for diagnosis of 
syphilis are given too much space, since 
they have proven of little or no value at 
the hands of competent investigators. 

The Reviewer unhesitatingly recommends 
this book. H. B. 


HEPARIN IN THE TREATMENT OF THROM- 
Bosis. By J. Jorpes, M.D., Reader 
in Biochemistry, The Caroline Institute, 
Stockholm, Sweden. 2nd ed. Pp. 260; 
24 ills. New York and London: Oxford 
Univ. Press, 1946. Price, $6.50. 

Tue first edition of this monograph ap- 
peared in 1939 before purified heparin was 
available in quantity and at the more reason- 
able price of today. It was being used clini- 
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cally to a limited extent. The present 
edition has a valuable review of the discov- 
ery and chemical characteristics of heparin, 
but the larger portion of the monograph is 
concerned with heparin in the prevention 
and treatment of thrombosis. 

The occurrence of fatal embolism following 
operation would seem to be lower in this 
country than abroad, according to the figures 
given. At the Mayo Clinic fatal embolism 
occurred in about 1 in 800 operations, at 
the Hospital of the University of Penn- 
sylvania in about 1 in 1200. The figures 
were from a very large series of patients in 
each clinic but include all major operations, 
whereas Dr. Jorpes’s data are for abdominal 
operations. In 302 abdominal operations 
there were 9 instances of embolism in 
Crafoord’s series. In another reported series 
of patients untreated with heparin a mor- 
tality of 10 patients in 1254 cases seems 
high. This is contrasted with 1266 heparin- 
treated patients with 5 deaths. For an 
over-all figure the author states “until re- 
cently there occurred 1 death from thrombo- 
embolism in every 400 operations.” 

Your Reviewer feels he should sound a 
warning against the enthusiasm expressed 
for heparin as a preventive and therapeutic 
agent in all instances of thrombo-embolism. 
If there are free clots in the veins as occurs 
in phlebothrombosis, heparin may not pre- 
vent embolus, and it is the Reviewer’s opin- 
ion that ligation should be resorted to. 
Preoperative ligation in certain selected 
cases is a safer prophylactic measure than 


‘heparin and less costly. Early ambulation 


may not reduce the incidence of thrombosis, 
but it has reduced the incidence of fatal 
embolism. Heparin or heparin and dicou- 
marol are useful in some cases, but the 
surgeon’s treatment of each individual pa- 
tient should depend upon his experience and 
knowledge. No one method now has uni- 
versal application. 

The monograph supports the thesis that 
once incipient thrombosis has occurred, it is 
easily diagnosed and that then this condition 
may be “successfully treated with heparin.”’ 
A categorical statement of this type is in 
the Reviewer’s opinion not justified. No 
method now available is universally appli- 
cable. The volume is interesting and helpful 
in many ways and will assist in further for- 
mulating more definite plans of action. It 
is not the last word on the subject. 

I. R. 
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NEW BOOKS 


An Approach to Social Medicine. By JouHn 
KersHaw, M.D. (Lond.), D.P.H., Medical 
Officer of Health, Accrington. Pp. 329. 
Balt.: Williams & Wilkins, 1946. Price, 
$4.50. 


Proceedings of the 11th Annual Convention of 
the National Gastroenterological Association. 
Held in New York, June, 1946. Edited by 
SaMuEL Welss, M.D., F.A.C.P., D.Se. 
Pp. 187; ills. New York: Medical 
Authors’ Pub. Co., 1947. Price, $2.50. 

Rocky Mountain Conference on Infantile 
Paralysis. By Various Autuors. Intro- 
duced by James J. Wartnc, M.D. Pp. 
199; ills. Denver: Univ. of Colorado, 

- School of Medicine and Hospitals, 1946. 
No price given. 

The Pathology of Traumatic Injury. A 
General Review. By James V. WILSON, 
M.D., M.R.C.P. Lond., Pathologist to 
Harrogate and District General Hosp., 
and Royal Bath Hosp., ete., D.A.D.P., 
Malta Command, 1940-1943. Pp. 192; 
61 ills. Balt.: Williams & Wilkins, 1946. 
Price, $6.00. 


The Causation of Appendicitis. By A. 
RENDLE Suort, M.D., BS., BSce., 
F.R.C.S., Prof. of Surgery, Univ. of 
Bristol. Pp. 79; 4 figs. Balti.: Williams 
& Wilkins, 1946. Price, $2.50. 

The Diagnosis and Treatment of Diarrheal 
Diseases. By Z. Frapxin, A.B., 
M.D., Physician-in-Charge of Colitis 
Clinic, Jewish Hosp. of Brooklyn. Pp. 
254; 113 ills. New York: Grune & 
Stratton, 1947. Price, $6.00. 


Medical Addenda. Related Essays on Medi- 
cine and the Changing Order. The New 
York Academy of Medicine. Pp. 156. 
New York: Commonwealth Fund, 1947. 
Price, $1.75. 


Dermatologic Clues to Internal Disease. By 
Howarp Brxurman, M.D., Ass’t. 
Clinical Prof. of Dermatology, New York 
Univ. Pp. 165. New York: Grune & 
Stratton, 1947. Price, $5.00. 


Methods of Diagnosis. By LoGan CLENDEN- 
inG, M.D., F.A.C.P., Late Prof. of Clinical 
Medicine and History of Medicine, Univ. 
of Kansas, and Epwarp H. HasHINGEr, 
M.D., F.A.C.P., Prof. of Clinical Medicine. 
Pp. 868; 143 ills. St. Louis: C. V. Mosby, 
1947. Price, $12.50. 
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Paravertebral Block in Diagnosis, Prognosis, 
and Therapy. Minor Sympathetic Surgery. 
By Feurx Manpt, M.D., F.1.CS., Prof. 
of Surgery, Hadassah Univ. Hosp., Jeru- 
salem. Translated by GertrupE 
NER, M.D., Foreword by Max THOREK, 
M.D., F.L.C.S. Pp. 330; 19 figs. New 
York: Grune & Stratton, 1947. Price, 
$6.50. 


La Douleur. Par le Dr. Paut CHaucHARD, 
Director adjoint a l’Ecole paratique des 
Hautes Etudes. Pp. 126; 10 figs. Paris: 
Presses Universitares de France, 1947. 
Price not given. 

Atlas of Cardiovascular Diseases. Correlation 
of Clinical Electrocardiography and Cardiac 
Roentgenology with Clinical History and 
Autopsy Findings. By Irvine J. TREIGER, 
M.D., Ass’t Prof. of Medicine, Univ. of 
Illinois. Pp. 180; 244 ills., 11 in color. 
St. Louis: C. V. Mosby, 1947. Price, 
$10.00. 

A Bibliographic Classification. By Henry 
Evetyn Buss. In 4 vols. Vol. 2. Pp. 
334. New York: H. W. Wilson, 1947. 
Price, $7.50. 

Studies on the Influenza A-Epidemic of 
January-March, 1941 at Groningen (Hol- 
land). By J. A. R. Van Bruacen, M.D., 
et al. VII. Institute of Preventive Medi- 
cine in Leyden. Pp. 64; 26 ills. Leiden: 
H. E. Stenfert, 1947. Price, $2.00. 


Tue interesting results of the work of a team of 
Dutch medical men. 


NEW EDITIONS 


The Chemical Composition of Foods. By 
R. A. McCance and E. M. Wippowson. 
2nd ed. Pp. 156. Brooklyn,. N. Y.: 
Chemical Publishing Co., 1947. Price, 
$3.75. 


Chemistry and Methods of Enzymes. By 
James B. Sumner, Prof. of Biochemistry, 
Cornell Univ., and G. Frep Somers, Plant 
Physiologist, U. S. Plant, Soil and Nutri- 
tion Laboratory, Ithaca. 2nd ed. Pp. 
415. New York: Academic Press, 1947. 
Price, $6.50. 

Textbook of Physiology. By Wiiu1am D. 
ZorTHout, Ph.D., and W. W. 
Ph.D. 9th ed. Pp. 723; 304 ills.; 6 color 
plates. St. Louis: C. V. Mosby, 1946. 
Price, $4.75. 
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Medical Disorders of the Locomotor System, 
Including the Rheumatic Diseases. By 
ErRNEst Fiercuer, M.A., M.D. (Cantab.), 
M.R.C.P., of the Royal Free Hosp., etc. 
Pp. 625; 262 ills.; 2 color plates. Balt. 
and London: Williams & Wilkins, 1947. 
Price, $11.00. 

A Manual of Fractures and Dislocations. By 
BARBARA BARTLETT Stimson, A.B., M.D., 
Med. Se.D., F.A.C.S., Ass’t Prof. of 
Clinical Orthopedic Surgery, College of 
Physicians and Surgeons, Columbia Univ. 
2nd ed. Pp. 233; 98 ills. Phila.: Lea & 
Febiger, 1947. Price, $3.25. 

Diseases of the Nervous System. Described 
for Practitioners and Students. By F. M. 
R. WatsHe, M.D., D.Sc., F.R.C.P. 
(Lond.), Physician in Charge Neurological 
Dept., Univ. College Hosp., London, etc. 
5th ed. Pp. 351; 59 ills. Balt.: Williams 
& Wilkins, 1947. Price, $4.50. 
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A Handbook on Diseases of Children, Includ- 
ing Dietetics and The Common Fevers. 
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F.R.C.P. Lond. 5th ed. Pp. 408; 83 ills. 
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